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Chapter 1

What is PlaNet?

PlaNetis a packageof algorithmson planarnetworks. This packagecomeswith a graphicaluser
interface, which may be usedfor demonstratingand animatingalgorithms. Our focus so far has
beenon disjoint pathproblems.However, the packagés intendedto sene asa generalframewvork,
whereinalgorithmsfor variousproblemson planarnetworks may be integratedandvisualized. For
this aim, the structureof the packagds designedsothatintegrationof new algorithmsandeven nen
algorithmicproblemsamountgo applyinga short“recipe”. Furthermorepur basegraphclassoffers
variousmethodshatallow a comfortablehigh-level implementatiorof classesandalgorithms.

1.1 Intr oductionto PlaNet!

The aim of this packagés to demonstratalgorithmson planargraphsby meansof a graphicaluser

interface(GUI). Thepackagas implementedn C++andrunson SunSparcstationsandthegraphics

arebasednthe X11 Window System A demoversionandsomeadditionalinformationis accessible
in the World Wide Webat URL http://wwwinformatik.uni—lonstanz.ce/Regarch/ProjectgPlaNet/

Instancedor the differentalgorithmic problemsmay be generateceitherinteractively or by a ran-
dom generatqgrstoredexternally in files, andreadfrom the respectie file again. All instancesare
stronglytyped,thatis, eachinstancds associated (unigue)algorithmicproblemto whichit belongs.
This classificatiorof instancess reflectedby the GUI: The usercannotinvoke analgorithmwith an
instanceof thewrongtype.

Like instancesall algorithmsareclassifiedaccordingto the problemsthey solve, andthis classifica-
tion is reflectedby the GUI too. For eachalgorithmicproblemtheremay be an arbitrarynumberof
algorithmssolvingthis problem.For two algorithmicproblems,P; and P, let P, < P; indicatethat
P, is aspecialcaseof P,. Suchrelationsof problemclassexanbe integratedinto the packageand
arethenalsoreflectedby the GUI. More precisely analgorithmsolving problem P may be applied
notonly to instance®f type P, but alsoto instance®f ary type P’ sothat P’ < P. In otherwords,
althoughall instancesandalgorithmsarestronglytypedby the correspondinglgorithmicproblems,
analgorithmmay be appliedto ary instanceor whichit is suitablefrom atheoreticalpoint of view,
evenif thetypesof thealgorithmandtheinstancearedifferent.

!Sectionsl.1to 1.3arebasicallyanextractof [NSWW9§



In Sectionl.2,we give anoutlineof the GUI andsummarizehealgorithmsthathave beenintegrated
sofar. Theinternalstructureof the packages designedo supporttheintegrationof new algorithms.
As a consequencealevelopersmay insertnew algorithmsand algorithmic problemsby applyinga
short“recipe”, which requiresno knowledgeaboutthe internals.With this goalin mind, the internal
structureof the packagehasbeendesignedvery carefully In Sectionl1.3, we introduceour overall
design. The basicnotationis givenin Sectionl.4. In Sectionl.5, the available documentatiorior
PlaNetis specified.

1.2 Fromauser’sperspectve

At every stageof a sessiorwith PlaNet,thereis a current algorithmic problem P. The problem
P indicatesthe nodein the problemclasshierarchythat the usercurrently concentratesn. In the
beginning, P is void, andthe useralways hasthe opportunityto replaceP by anotherproblemin

the hierarchy A new currentproblemmay be chosendirectly from the list of all problemsor by

navigating throughthe problemclasshierarchy In thelatter case,a single navigation stepamounts
to replacingP eitherby oneof its immediatedescendantsr by one of its immediateancestors.To

initialize P in the beaginning, eachof the topmost(i.e., mostgeneral)problemsmay be usedasan

entrypointfor navigation.

Oncethe currentalgorithmic problemis initialized, the usermay constructa current instanceand
chooseoneor two currentalgorithms Afterwardsthe usermay apply thesetwo algorithmssimulta-
neouslyto the currentinstancan orderto compareheir results.

An instancemaybe generatedr readfrom afile only if thetype P’ of theinstancesatisfiesP’ < P.
Analogously an algorithm may be chosenonly if the type P” of the algorithmsatisfiesP < P”.
In particular this guaranteeshat the algorithmis suitablefor the instance. Theserestrictionsfor
instancesandalgorithmsare enforcedby the GUI: To selectan algorithmthe usermustpick it out
of alist, which is collectedand offered by the GUI on demand.This list containsonly algorithms
of appropriatetypes(namelytypes P’ sothat P’ = P). Analogously the lists of randominstance
generatorandof externallystoredinstancegontainonly itemsof appropriateypes(typesP” sothat
P" < P).

Whenapplyingoneor two algorithmsto an instance the GUI shaws not only the final results,but
alsovisualizesthe procedureof the algorithmsstepby step. After eachmodificationof the display
thealgorithmstopsfor aprescribedvaittime By default, thiswait timeis zero,andtheuserobseres
only thefinal result,becausehe displayof the procedurds too fast. The usermay changethis wait
time to anarbitrarymultiple of msecin orderto obsere the procedurestepby step.

Many algorithmsconsistof a small numberof major steps,for example, preprocessingnd core
procedure.For eachmajor stepof analgorithm,a separateauxiliary window is opened.Theinitial

display of sucha window is the resultof the former major stepor if it is the very first major step
the plain input instance. The procedureof this major stepis displayedin the associatedvindow,

andafterwardsthe window remainsopenshaving the final resultof the major step. Therefore,on
terminationof the whole algorithm, all intermediatestagesare shavn simultaneouslyand may be
comparedvith eachother TheGUI alsooffersafeatureto print the contentsof awindow or to dump
it to afile in Postscripformat. It is alsopossibleto adjustthegraphicaldisplayaccordingo theusers
taste.(SeeSection2.2for adetaileddescriptionof the GUL.)



Sofar, thealgorithmicproblemanodeledwith PlaNetmainly reflectourtheoreticatesearclhinterests.
Theseproblemsarethe Okamura—SgmourProblem the MengerProblem andfurtherversionsof the
MengerProblem. (SeeChapter3 for a detaileddescriptionof the problemsand Chapter4 for the
algorithms.)Thesealsoincludenew heuristicvariationsof well knowvn algorithms.In additionthere
arevariousbasicalgorithms for exampleanalgorithmthatcomputeghe Delaunaytriangulationof a
graphandalgorithmsthatgeneratdeasiblerandominstancedgor the problemclassegseeChaptels).

1.3 From adeveloper’s perspectve

Theimplementatiorreliesheavily onthe object-orientedeaturesof C++. Herewe do not saymuch
aboutobject-orientegprogramming;seefor example[Mey94] for a thoroughdescriptionof object-
orientedprogramming.and see[Str9]] for a descriptionof C++. Nonethelessthis sectionis self
containedo ashigh anextentaspossible.Thereforewe first introduceall terminologythatwe need
to describetheinternaldesign.

Classes. Classesare a meansto model abstiact data types For example,the abstractdatatype
“stack” is essentiallydefinedby the subroutines’push; “pop,” and“top.” A stackclasswrapsan
interfacearounda concretémplementatiorof stacks(encapsulatio)) which consistssolely of such
subroutinequsually called the accessamethod=f the stackclass). Considera pieceof codewhich
works with stacksand usesthis stackclassto implementthem. In sucha pieceof code,only the
interfacemay be accessedhe concreteamplementatiorbehindthe interfaceis hiddenfrom therest
of thecode.This allows softwaredevelopergo adopta higher moreabstracpoint of view, simply by
disregardingall technicaldetailsof theimplementatiorof abstractlatatypes.

Inheritance. A classA may be derivedfrom anotherclassB. This meansthatthe interfaceof A
is the sameasor an extensionof the interfaceof B, evenif the concretedmplementatiorbehindthe
interfaceis completelydifferentfor A and B. Moreover, anobjectof type A maybe usedwherever
an objectof type B is appropriate.For example,a formal parametepof type B may be instantiated
by anactualparametenf type A. A classmaybederivedfrom severalclassegmultipleinheritance.
Therefore inheritancemay be usedto modelrelationshipdetweerspecialcasesandgeneralcases.
Moreover, inheritancemay be usedfor “code sharing,, thatis, all codeimplementedor the access
methodof classB maybeusedby theaccessnethodsf classA too.

Polymorphism. This is anotherapplicationof inheritance. It meansthat classesA,,..., A, are
derived from a common*“polymorphi€ classB, but the accessnethodsof B areonly declarednot
implementedHereinheritancds simply usedto make A, ..., A, exchangeableaformal parameter
of type B is usedwhere-@erit doesnotmatterwhichof A4,, ..., Ay isthetypeof theactualparameter

Thisconcludegheintroductioninto object-orientederminology In PlaNet.eachalgorithmicproblem
is modeledasa class,andinheritancds usedto implementthe relation=<. Thetopmostelementof
theinheritancehierarchyis the basicLEDA graphclassiMN95]. Consequentlyeachproblemclass
offersall featuresof the LEDA classby codesharing.

We paid particularattentionto the problemof integratingnew algorithmsandnew problemclasses
into the packageafterwards. The problemclassesndtheir inheritancehierarchyaredescribedoy a



file namedc| asses. def , in ahigh-level languagewhich is muchsimplerthanC++. The project
malefile scans| asses. def andintegratesall problemclassesccordingo theirinheritanceela-
tionsandall solversinto the package.

Thereforejntegrationof a new problemclassamountgo insertinganew itemin cl asses. def . In

addition,afile namedConf i g mustbechangedlightly. Whensereraldeveloperswork ontheinte-
grationof differentnew problemclassesndalgorithmsn thepackageimultaneouslyeachdeveloper
only needgo maintainhis/herown local copy of cl asses. def andof thissmallfile Confi g; all

otherstuf maybe shared.(SeeChapter6 for a detaileddescriptionof the generatiorandintegration
of new classesandalgorithms.)

Besideghe adwvantage®f encapsulationiscussedbove, we alsouseencapsulatioffor several other
importantdesigngoals,notablythetaskof separatinghe codefor graphicsfrom the codefor the al-

gorithms.Sincethe GUI displaysnotonly the outputof analgorithmbut alsoits proceduregraphics
andalgorithmsare strongly coupled. However, it is highly desirableto strictly separatealgorithms
andgraphicsfrom eachother In fact,if thisis not donealgorithmsandgraphicscannotbe modified
independentlyf eachother andchanginga smallpartof the packagemay resultin a chainof mod-
ificationsthroughouthe package This meanghat maintainingandmaodifying the packagés simply

notfeasible.

In PlaNetthegraphicalisplayis delegatedio theunderlyingproblemclass.Theprocesss asfollows.
The mostgeneralproblemclassencapsulatea referenceo an additionalobject, which senesasa
connectiorto the underlyinggraphicsystem.Clearly this objectis inheritedby all problemclasses.
This objecthasa polymorphicclasstype, and from this classtype anotherclassis derived, which
realizesgraphicaldisplayunderthe X11 Window System.To runthepackageinderanothemgraphical
systemi,it is only necessaryo derive yet anotherclassfrom this polymorphicclass. If oneor more
algorithmsareto be extractedandrun without ary graphicsa dummyclassmustbe derived, whose
methodsarevoid.

1.4 Terminology and basicnotations

All problemsconsideredn this packageequirethatthe underlyinggraphis a directedor undirected
planargraph For thebasictheoryof generalgraphs planargraphsandalgorithmson thesewe refer
to [Har69, [CLR94] and[NC88]. Herewe only give somevery basicdefinitions. A graphconsists
of a setof nodes(alsocalledvertices),and a setof edges(or arcs,in caseof directedgraphs). A
graphis calledplanarif it canbeembeddednto the planewithoutedgecrossingsA pathin agraph
is anorderedsequencef nodesandedges/arcsstartingandendingwith nodes respectiely, sothat
no edge/ar@ppeargnorethanoncein the sequenceWe oftengive undirectedpathsthe directionin
whichit is traversed.Theleadingedg of a pathis thenthelastappende@dge.A netis simply a set
of nodes.Thenodesn anetarecalledterminals

Taking the planarembeddingf a graphandremaoving all edgesandnodes the planeseparatefto
faces All edgesaroundsuchafacedefineafacein thegraph.Theboundaryof a planargraphis also
calledouterface

Triangulationsarevery importantfor our creationof randominstancesin atriangulationnodesare
connectedy undirectededgessothateachinnerfaceformsatriangle. A Delaunaytriangulationis



a specialtriangulationin which the circle formedby the nodesof eachtriangledoesnot containary
othernodeof thegraph[Ede87.

Mostalgorithmsconsidetthe problemof finding pairwisedisjointpathsconnectingwo terminalnets.
In a solutionof avertex—disjointpathproblemeachinternalnode(i.e. not an endpoint)appearsn at
mostone path. Analogouslyin a solutionof an edge—disjointpathproblemeachedgeappearsn at
mostonepath.

1.5 PlaNetdocumentation

The PlaNetdocumentatiorronsistsof this manualandthe online help of the GUI. An overvienv can
alsobefoundin [NSWW96]. In thismanualwefirst provide atutorialin whichweexplainhow PlaNet
is startedandhow the GUI works(seeChapter2). Then,we describeall problemsandalgorithmsthat
areintegratedup to now (seeChapters3, 4 and5). Chapter6 containgsthe recipesfor theintegration
of new classesand algorithmstogetherwith numerousexamples. Examplesof the differentfiles
mentionedn this manualcanbefoundin the appendix(seeAppendixA andB). The appendixalso
explainstheinternalstructureof PlaNetandthe formatof the underlyinggraphdescriptiorfiles (see
AppendixC, D, andE). A referencemanualof all availablegraphfunctionsandbasicalgorithmsis
givenin the AppendixF, G, andH.

As anonlinehelpin the GUI, mostmenuwindows offer aHelp button. Clicking onit invokesspecial
helpfor the useof thatwindow or specialinformationaboutthe selectedtem.

The bestway to getusedto the functionality andconceptof PlaNetis to readthe introduction(this
chapter)thetutorial (Chapter2) andthento retry theexample(Section2.3). For theimplementation
andintegrationof new classesandalgorithmsinto PlaNetit is very importantto readChapter6.

Within this manualthe menuitemsof PlaNetaretypedin bold face Keywordsandvariablesare
typedin italics. Shellcommands&ndsourcecodearetypedint ypewri t er.



Chapter 2

Tutorial

This chapteris a concisetutorial for usingPlaNet. It is aimedat usersnot familiar with the system.
First, the actionsto male PlaNetrun on the machineare described and then the menusystemis
explainedin detalil. It is concludedy anexample.

2.1 Getting started

2.1.1 Systemrequirements

PlaNetcanbeinstalledon SUN workstationgSunO$4.1 and Solaris2.x), with X11 Releasé or 6.
To compile PlaNeta gnu C++ compiler(versions2.6.3,2.7.00r 2.7.2)andLEDA 3.0 arerequired.
Theuseof a colordisplayis recommended.

2.1.2 Installing PlaNet

The sourcecodecancanbe obtainedvia ftp usingtheinformationgivenin Table2.1. For theinstal-
lation alsoconferthefile Pl aNet . README. Firstchangeo thedirectoryfor the LEDA installation
andfor the PlaNetinstallation,respectiely. Thenusethecommanad ar within thesedirectoriesto
extractthe sourcefiles:

Host: ftp.informatik. uni -konst anz. de
Login: anonynous
Passvord: <youremailaddress
Directory: pub/ al go/ execut abl es/ pl anet/
Files: Pl aNet . READMVE

Pl aNet -vs.tar. gz

LEDA-3.0.tar. gz

Table2.1: Ftp adresdor the sourcecode



cd /path_to LEDA

tar xvzf /path_to tar fil e/ LEDA-3.0-patched.tar. gz
cd /path_to_PlaNet/

tar xvzf /path_to tar file/PlaNet-1.3.tar.gz

Thet ar files are written suchthat the top directory is included. Thus, LEDA and PlaNet, re-
spectvely, are createdin the currentdirectory For the further installation processof LEDA see
the files READMVE and | NSTALL in the LEDA homedirectory/ pat h_t o_LEDA/ LEDA- 3. 0.
For the installationof PlaNetfollow the instructionsof file READMVE in the PlaNethomedirectory
/ pat h_to_Pl aNet/ pl anet .

2.1.3 Starting PlaNet

PlaNetcanberunfrom ary X sener, aslong asthe ervironmentvariableDISPLAY is setcorrectly
To startup PlaNet,enter

/ pat h_t o_Pl aNet / pl anet/ pl anet.

2.1.4 Preparing the accountand setting ervironmentvariables

Library ofinstances. PlaNetcomeswith adefaultinstancdibrary, thatis storedin thesubdirectory
/ pat h_to_ Pl aNet/ pl anet/i nst ances. Becomingfamiliar with PlaNet,it will probablybe
necessaryo createan own library of PlaNetinstanceslt is thereforerecommendetb createa nev
directorycalledpl anet in the own homedirectoryanda subdirectoryi nst ances. In this subdi-
rectory createalink to theoriginal PlaNetinstances(for example)by usingthecommand

Indir /path_to_planet/planet/instances.

This hasthe adwantagethatall built-in instancegkeepvisible andown instancesanbe storedtoo. If
the ervironmentvariablePLANET _INSTANCESis now setto this instancepath, PlaNetwill read
instance$rom andwrite instancesnto thenew library. Theinstancepathcanalsobesetonlinein the
submentFile of themainmenu(cf. Section2.2.2).

Default Postscript file. By default, PlaNetusesthefilenamethatis storedin the ervironmentvari-
ablePLANET_POSTSCRIPTvhenthe contentsof a graphwindow is to be savedinto a PostScript
file. By settingthis variableto afull filename PlaNetwill save PostScripbutputto thisfilename.

Display of Nodes,Edgesand Colors. On acolor display the graphicaluserinterfaceattemptsto
allocateup to 24 colors— or asmary aspossiblef the global color maphasbeenfilled up by other
applicationge.g.Netscape) Thesecolorsaredefinedin the PlaNetresourcdile . pl anet r ¢. This
file alsodefinesthe nodewidth andline width of the graphs.Whenstarted PlaNetsearchesor this
file firstin thelocal directory andif no suchfile exists,in thehomedirectory If no suchfile is found,
default colorsareusedandafile /. pl anetr c is created.If the colorsor the node/linewidth are



notsuitable thisfile canbe modifiedaccordingly For adescriptiorof theformatof file . pl anetrc
seeAppendixD. Thecolors,the nodewidth, andtheline width canalsobe setin the submenu-ile
of themainmenu(cf. Section2.2.2).The colorsmentionedn this manualreferto thedefault colors.

2.1.5 Running the menu

PlaNetis amenudrivenprogramwhereall actioncanbeselectedrom the givenitems. For selection
of ary menuitem click on thatitemwith theleft mousebutton. For scroll barsalsousetheleft mouse
button to navigate throughthe given subitems. Most windows offer threebuttons: Help, Cancel

andOK. Theseareinitiated by a click with the left mousebutton. The Help button gives special
information for the selectedtem of that window. Pushingthe Cancel button leaves the window

without changingthe stateof PlaNet. By clicking on an OK buttonthe selectedtem of the window

is setor theactionis carriedout.

2.2 The main menu

2.2.1 Principles

Thestateof PlaNetis definedby four items,the CurrentProblem the Currentinstancethe Current
Algorithm 1, and the Current Algorithm 2. Thesefour items and their currentvaluesare always
displayedn themainwindow. As describedn theintroduction,analgorithmfor the CurrentProblem
P cansolwe ary Current Instanceof type P’ if P’ is a specialcaseof P (i.e. P’ < P). Thus,one
or two Current Algorithmsmay be chosenfrom a list of all available algorithmsof type P” with
P=<P"

Figure 2.1 shaws this main window asit popsup after the startof PlaNet. It consistsof the main
menufor the interactionwith the systema listing of the statevariablesandthe PlaNetlog window
Thelog window givesa shortdocumentatiorof all actionsof PlaNet. For example,the selectionof
a new problem,algorithmor instanceare documentedhere. Furthermordt containsall messages,
warningsanderrormessagem respecto the useof PlaNet. Especiallythe resultsof the algorithms
aredocumentedhere. Usethe scrollbaron the right side of thatwindow to navigatethroughall log
messagesApart from the displayin the main menu,all messagearealsoautomaticallywritten to
alog file. Thenameof thisfile is displayedin the top of thelog window. It is storedin the current
working directory or if thisis not possiblein the users homedirectory

In general the menuis run by first selectingan item from the menuitem Problem, which setsthe
CurrentProblemor boththe CurrentProblemandthe CurrentAlgorithm Then,the Currentinstance
is generatedby selectinghemenuitem Instance Finally oneor two CurrentAlgorithmsareselected
andmaderun by operatingthe menuitem Algorithms. Apartfrom thatgenerakourseof action,it is
alwayspossibleto selectanotherCurrentProblem Instanceor Algorithmatary stageof the session.

Whenaninstanceis selectedit is displayedn a graphwindow Thiswindow is arbitrarily resizable
andmovable,andoffersthe buttonsClose Redraw, Scale+, andScale-. Pushingthe button Scale
+ (or Scale-, respecitiely) scaleghegiveninstancaupwards(or dovnwards,respectiely) within the

givengraphwindow. SeeChapterd for seseralexamplesof a graphwindow containinginstance®f

differentproblemclasses.
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Figure2.1: Main window

2.2.2 The menuitem File

Five subitemsareoffered: SetNode Width, SetLine Width, Edit Colors, Edit Instance Path and
Quit.

SetNodeWidth/Set Line Width: A small subwindev popsup, and the node width (line width,
resp.)for thecurrentPlaNetsessiorcanbe setby aslider

Edit Colors: This subitemallows to setthe colorsthatareusedin the graphwindows. Thereforea
subwindev popsup displayingthe currentcolors. Thesecolorscanbe changedy clicking on
themandthenmoving the threeslidersindicatingthe color, its intensityandits brightness.in
this subwindaev thefirst coloris the backgroundolor, andtheseconccoloris the default color
of thegraphwindows.

Save Settings: The currentvaluesfor the nodewidth, line width andcolorsarestoredin the current
PlaNetresourcdile . pl anet r ¢ (seealsoSection2.1.4andAppendixD).

Edit InstancePath: Within this subitem,the pathto the actualinstancedirectory can be set. By
default, theinstancepathis the pathgivenby theervironmentvariablePLANET _INSTANCES.
If this variableis not set,the instancepathis setto the default PlaNetinstancepath (seealso
Section2.1.4).

Quit: Usethis subitemto terminatethe PlaNetsessionIf the CurrentInstances not savedawarn-
ing popsup, requestingvhetherto quit PlaNetwithout saving the instanceor to continuethe
session.

2.2.3 The menuitem Problem

This menuitem senesto setthe Current Problem It containsthreesubitems: Specific Problem,
Specific Algorithm and Problem Hierarchy. Figure 2.2 shaws the Problem submenuand the
SpecificProblem submenuA detaileddescriptionof the problemscurrentlyincludedin PlaNetcan
befoundin Chapter3.
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Menger Problem

Okanmra-Seymour Problem

Three Terminal Menger Problem

Net Graph Problem with a Bounded Muwber of Terminals per Net
General Net Graph Problem

Net Graph Problew with a Bonded Mumber of Nets

Specific Problem
Specific Algorithm

Problem Hierarchy OK| Cancel| Help

Figure2.2: Menuitem Problem andallisting of all problemsof subitemSpecificProblem.

SpecificProblem: A list of all availableproblemss presentedh asubwindev. A problemclasscan
be choserby clicking onit, andthenpushingthe OK button. The Help buttondisplaysspecial
informationaboutthe selectecgroblem.

SpecificAlgorithm: A list of all available algorithmsand their correspondingproblemclasseds
presenteth asubwindav. By choosinganalgorithm,thisis takenasthe CurrentAlgorithmand
its problemclassis takenasthe CurrentProblem TheHelp buttonpresentspeciainformation
aboutthe selectedalgorithm.

ProblemHierarchy: A new window popsup visualizingthe problemclasshierarchy Theleft (right,
resp.)subwindev shaws theimmediateancestorgdescendantsesp.)of the CurrentProblem
in the problemhierarchyaccordingto the order=. The lower window indicatesthe Current
Problem It is possibleto navigatethroughthe problemhierarchyby a doubleclick with theleft
mousebuttonontheancestoor descendanwith theleft mousebutton.

2.2.4 The menuitem Instance

In thisitem severalroutinesfor handlingthe Currentinstancglike readinganinstancdrom thegiven
graphdatabaseediting, saving and printing) are offered. It containsthe subitemslnstance from
Graph Database Resetinstance Empty Instance Edit Graph, Edit Graph Description, Ran-
dom Instance Save Curr ent Instance Save Curr ent Instance as Postscript File, Print Curr ent
Instance andTestFeasibility. Figure2.3shavsall subitemsf thisitemandalisting of all Instances
from Graph Databasefor the Menger Problem(cf. Section3.4).

Instancefrom Graph Database: Let the CurrentProblembe of classP, thenall availableinstances
from the graphdatabasef problemclassP’ with P’ < P arepresentedn a subwindav. The
pathto thegraphdatabaseanbe setby theenvironmentvariablePLANET_INSTANCES(see
Section2.1.4)or in the submenuFile/Edit Instance Path (cf. Section2.2.2). An instancecan
be chosenby clicking onit, andthenpushingthe OK button. ThevariableCurrentinstanceis
setto theinstancename andthe selectednstances displayedn the graphwindow.

Resetlnstance: Usethissubitemto resetheResetinstancetoits initial state.If it hasbeenchanged
duringthe sessiona warningpopsup giving the possibilityto cancelthe action. If confirmed,
the lastinstancewhich hasbeenreadfrom the graphdatabaser generatedy item Random
Instanceis reloaded.
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Instance from Graph Database in Instances
Reset Instance Instances
Erpty Imstance mendl{nenger)
Edit Graph men?0{nengexr )

. .. men20{nengexr )
Edit Graph Description menS0{nenger)
Random Instance menll{nenger )
Save Current Instance menl00{nenger }

] i menI0{nenger )

Save Current Imstance as Postscript File menB@0{menger ) | /]
Print Current Instance 0! cancel
Test Feasibility .

Figure2.3: Menuitem Instancesandthelisting of all instancedor the Menger Problemof submenu
Instancefrom Graph Database

Empty Instance: Usethis subitemto createanemptyinstanceor the CurrentProblem If the Cur-
rentInstancehasbeenchangediuringthe sessionawarningpopsup giving the possibility to
cancetheaction.If confirmedthegraphwindow is clearedor anew graphwindow is opened).
An emptyinstancecanbe usedto constructa graphwith the menuitem Edit Graph.

Edit Graph: This featureallows editing the Current Instanceor constructinga new one. Nodes
and edgescanbe inserted,deleted,or moved around;netscanbe addedor removed, andall
parameter®f the graph,nodesand edgescan be edited. To do this, a nev window (called
graph editor) containinga copy of the Current Instanceis opened.Within this the functions
asindicatedin Table2.2 areavailable. Thus,for example,to insertanedge,selectthe source
node move the pointerto thetargetnode andpresshe’Insert Edge’key (Shift + mousebutton
2). With theright mousebuttonpresseaiowvn, anodecanbe movedsmoothlyin theplane.If a
non-planagraphis constructedvithin this tool, PlaNetwill malke thegraphplanarby deleting
someedges. Thus, a planar(but not necessarilyplane)graphis achieved. Additionally, the
grapheditormenuoffersthefollowing buttons:

Placegraphin themiddle of thewindow: SHIFT + "

InsertNode: SHIFT+ MouseButtonl
InsertEdge: SHIFT+ MouseButton2
DeleteNode: CTRL+ MouseButtonl
DeleteEdge: CTRL+ MouseButton2
SelectNode: MouseButton1
SelectEdge: MouseButton2
Selectnodeparameters: ALT + MouseButtonl
Selectedgeparameters: ALT + MouseButton2
Move SelectedNode: MouseButton3

Table2.2: Edit functionsin the grapheditor
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Use: A window popsup to decidewhetherthe edgeof the currentgrapharedirectedor undi-

rected. The graphis thentransmittedo the graphwindow asit is displayedin the graph
editor

Quit: Thegrapheditoris closed no changesretransmittedo the graphwindow.
Help: A listing of theeditfunctionsasin Table2.2is displayed.

Graph Params: All graphparametersf the Current Problemclassaredisplayedandcanbe
editeddirectly.

NodeParams: In orderto editthenodeparametersf anodeof the CurrentProblemclass se-
lectit usingmousebuttonl, andpushNode Params. All hodeparametersf the selected
nodeare displayedand canbe editeddirectly Thereis alsoa toggle button associated

to eachparameterlf thisis set,the valueof this parameters copiedto all nodesof the
instance.

Edge Params: Editinganedgeparameteworksanalogouslyto editinga nodeparameterex-
ceptthatanedgeis selectedisingmousebutton 2.

Nets: All netsof thegrapharedisplayedeachdefinedby oneline. The nodesthatbelongto
a netarespecifiedby their numberin the grapheditor A netthatis alreadypresentan
be editeddirectly. In orderto adda new net,presshe Add Net button. This opensa nev
line, andthe numberof the nodesspecifyingthenet(separatetdy blanks)canbeinserted
to specifythe net. To deletea net,just deleteits nodesn thecorrespondindjne.

Edit Graph Description: The graphdescriptionfile of the CurrentInstanceis diplayedandcanbe
editedandmanipulateddirectly Obsenre thateditingthis file is at own risk, sincethereis no

built-in checkroutineto maintainits consisteng. The format of the graphdescriptionfile is
describedn AppendixE.

Random Instance: A list of all InstanceGeneators for the Current Problemis presentedn a sub-
window. Selectageneratoby clicking onit andpushingthe OK button,andafeasibleCurrent
Instancefor the CurrentProblemis createdanddisplayedn the graphwindow. For adescrip-
tion of theavailablegeneratorseeChapters.

Save Curr ent Instance: A submenuwcontainingtheitemsSave Instancel andSave Instance2 pops
upto selecttheinstanceo save. Thereafterthefilename(without theinstancepath)canbe set
in a dialog window. If the instanceis of problemclass P, the instanceis written into the
predefinednstancedirectoryi nst ances/ P usingthis nameandthefile formatasdescribed

in AppendixE. If afile with this namealreadyexists, a messagavindow popsup to decide
whetherto overwriteit or not.

Save Curr ent Instanceas Postscript File: This item works analogouslyto the previous one, but
herethe file nameis initially setby the ervironmentvariable PLANET_POSTSCRIPTsee
Section2.1.4). TheCurrentInstanceis corvertedto PostScripformatandsaved.

Print Curr entInstance: Again, a submenucontainingthe items Print Instance 1 and Print In-
stance2 popsup to selectthe instanceto print. Thereafterthe printercommandcanbe setin

a dialogwindow. The CurrentInstanceis thencorvertedto a PostScripffile and sentto the
printerby thegivencommand.
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Algorithms
Algorithms
Select Algorithm 1 Vertex-Disjoint Menger Algorithm
Select Algorithm 2 Edge-Disjoint Menger Algorithmm
call Algorithm Delammay Triangulation
Slow Triangulation

Generate Random Nodes

2 windows Delete all Multiple Edges

OK| Cancel Help
-

Figure2.4: Menultem Algorithm with subitemSelectAlgorithm 1 of classMenger Problem

TestFeasibility: The selectionof this item initiate the feasibility testfor the CurrentInstance For
this purpose the check routine of the Current Problemclassis invoked. For a detailedde-
scriptionof thesecheck routinesseeChapter3.

2.2.5 The menuitem Algorithm

Thisitem allows to setthe Current Algorithm(s) to make themrun andto setthe delayof all actions
in the graphwindows. It containsthe five subitemsSelectAlgorithm 1, SelectAlgorithm 2, Call
Algorithm , Slow, and2 Windows (or 1 Window, resp.).Figure2.4shawvs thesubmenwf menuitem
Algorithm andthe submenuwof subitemSelectAlgorithm 1 for the currentproblemclassMenger
Problem(cf. Section3.4).

SelectAlgorithm 1: With thisitem the CurrentAlgorithm1 canbe set. Let the CurrentProblembe
of the classP, thenall available algorithmsfor P’ with P < P’ arelistedin a subwindav.
An algorithmcanbe chosenby clicking on it, andthen pushingthe OK button. Pushingthe
Help buttongivesashortdescriptiorof the selectedalgorithm.For thelist of all algorithmssee
Chapterd.

SelectAlgorithm 2: Thisitemallowsto setthe CurrentAlgorithm2. Thisis doneanalogouslyo the
selectionof the CurrentAlgorithm1.

Call Algorithm: If the Current Problem the Current Instanceandat leastone Current Algorithm
is selectedthe algorithmis called. By default, first the feasibility of the Current Instanceis
checled'. Thisis doneby a call of the check routine of the classthat the algorithm was
implementedor (cf. Chapter3). In caseof failure, this is indicated,otherwisethe Current
Algorithm(s) are executed. The action of the algorithmsis visualizedin the main (andsome
auxiliary) graphwindows. For a detaileddescriptionof eachalgorithmseeChapter.

Slow: This menuitem allows to setthewait time of the graphicalaction(in mse¢ whenvisualizing
analgorithm: aftereachmodificationof thedisplay thealgorithmstopsfor thegivenwait time.
Initially, the wait time is setto 0. A delayin termsof 200 msecgivesa goodinsightinto the

1SeeSection6.3haw this checkcanbedisabled.
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algorithmicaction. The delayhasno effect on InstanceGeneators choserby the menuitem
Random Instance

2 Windows: By selectionof this item a secondgraphwindow is openedand initialized with the
Current Instance If the algorithmsare called now (using menuitem Call Algorithm, see
above), bothselectedilgorithmsareexecutedn parallel: CurrentAlgorithm1 in graphwindow
1 andCurrentAlgorithm2 in graphwindow 2.

1 Window: Theselectionof thisitem deleteshe secondgraphwindow. Using Call Algorithm (see
above), now only invokesCurrentAlgorithm 1.

2.3 Example

In this section,an examplefor a working sessiorwith PlaNetis given. The correspondindog file
of this sessiorn(cf. Section2.1.5)is presentedn AppendixA. First, theaim s to solve the Menger
Problemfor theinstance/ user _xy/ pl anet /i nst ances/ nenger/ nen30 usingthe Vertex—
DisjointMenger Algorithm In asecondstep thesolutionof thisalgorithmis comparedo thesolution
of the Edge—DisjointMenger Algorithmon arandominstancewith 20 nodes.

To startthe sessiongall PlaNet(by justtyping pl anet ), andthe PlaNetmainwindow popsup. As
thegoalis to solve the Menger Problem selectboththe menuitem Problem andthe subitemSelect
Problem with the left mousebutton. A list of all available problemspopsup. Selectitem Menger
Problem, pushthe Help buttonto getsomemoreinformationaboutthis problem,andafterreading
this pushthe Close button. Pushthe OK button, and the variable Current Problemis now setto
Menger Problem

To runthe algorithmon instance/ user _xy/ pl anet /i nst ances/ nenger / men30, first edit
theinstancepath: Selectmenuitem File andsubitemEdit Instance Path. Now enter/ user _xy/ -
pl anet/i nst ances/ andpushOK.

In the next step,selectthe instanceby clicking menuitem Instance A subwindev popsup. Select
item Instance from Graph Database which popsup alist of all availableinstancegor the Menger
Problemthatarestoredn/ user _xy/ pl anet /i nst ances/ menger /. Choosénstancaeren30
andpushOK. A graphwindow shaving theinstancepopsup. ThevariableCurrentinstances now
setto/ user _xy/ pl anet /i nstances/ nmenger/ men30.

Now, choosethe algorithmby selectingmenuitem Algorithm andsubitemSelectAlgorithm 1. A
subwindov offeringall availablealgorithmsfor theMenger Problempopsup. SelectVertex—Disjoint
Menger Algorithm , andpushOK. ThevariableCurrentAlgorithm1 is now setto this algorithm.

After settingthesethreevariablesthealgorithmcanberun. To watchthealgorithmicactionin detail,
selectagainmenuitem Algorithm andthe subitemSlow. Entera wait time of 200 msecthere,and
pushOK. Then,selectmenuitem Algorithm andsubitemCall Algorithm to invoke the algorithm.
Thealgorithmicbehaior of the selectedalgorithmis now visualizedin the maingraphwindow and
in anauxiliary graphwindow. Theresultsarewrittento thelog window andthelog file. For adetailed
descriptionof the visualizationof the algorithmseeSection4.2. Whenthe algorithmis finishedand
theresultsarestudied closetheauxiliary graphwindow by usingthe Closebutton.
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Now, comparehetwo algorithmsfor the Menger Problemon arandomlygeneratednstancewith 20

nodes.Thereforeselectmenuitem InstancesandsubitemRandom Instance whichnow offersalist

of all availableinstancegenerator$or theMenger Problem ChooseGenerateRandom Instancefor

Menger Algorithm andpushOK . Enterthenumberof nodesof theinstance20,andpushOK. Now,

arandominstancdor theMenger Problemis createdn thegraphwindow accordingo thedescription
of thegeneratodescribedn Section5.1. If theinstances notclearenoughtry to modify it by using
thegrapheditorof menuitem Instances/EditGraph. It oftenhelpsto scaletheinstanceandto move

someof thenodes.

Theaimis naw to runtheVertex—DisjointMenger Algorithmandthe Edge—DisjointMenger Algorithm
in parallel. Therefore selectCurrent Algorithm 2 to be the Edge—DisjointMenger Algorithm This
is doneby selectingmenuitem Algorithms andsubitemSelectAlgorithm 2, thenchoosingedge—
Disjoint Menger Algorithm andthenpushingOK. As a secondgraphwindow is necessaryor the
visualizationof the Edge—DisjointMenger Algorithm selectmenuitem Algorithms andsubitem?2
Windows. The selectionof item Algorithms and subitemCall Algorithm now invokes the two
algorithms. Theresultsaredisplayedin their correspondinggraphwindows andin the log window,
andcanbecomparedAgain, theresultsarealsoprintedto thelog file.

In orderto endthe sessiongelectitem File andQuit, andconfirmthewarning.
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Chapter 3

Problem classesn PlaNet

The algorithmic graph problemsare modeledas C++ problemclasseghat reflectthe propertiesof
this algorithmicgraphproblem. In this chapterthe problemclassesurrentlyincludedin PlaNetare
describedThe problemhierarchyis givenin Figure3.1,usingtheinternalclassnames.

Eachclasshasacheck routinethattestsif theinstances feasible.Thisis doneby first checkingthe
specialpropertieof the problemclassandthencallingthecheck routinesof the problemclasseshe
classis dervedfrom.

3.1 GeneralNet Graph Problem (xgr aph)

Graphsn this classarearbitraryplanargraphswith anarbitrarynumberof netsthateachcontainsan

arbitrarynumberof nodes. The classGenenl Net Graph Problemis the mostgeneralplanargraph
problemclassin PlaNet. Graphsin this classenforcea fixed embeddingn the plane. Nodes,edges
andthe graphitself canhave arbitrary dataattachedo them. The check routine of this problem
classonly checksif the embeddingof the graphis planar This is doneby testingall segmentson

intersectionthususingquadratidin the numberof edgesyunningtime.

xgraph

/\

bounded_n_nets_graph bounded _net si ze_graph

AN

menger three_t erm nal _graph okanmur a_seynour _gr aph

Figure3.1: Problemhierarchy
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3.2 NetGraph Problemwith a BoundedNumber of Nets
(bounded_n_net s_graph)

The classNet Graph Problemwith a BoundedNumberof Netsis a direct descendanof the class
Geneanl NetGraphProblemwith the specializatiorthatgraphsn this problemclasshave abounded
numberof nets. Thenumberof terminalsin anetremainsarbitrary The numberof netscanbesetin
theclassandis initially boundedo 1.

3.3 Net Graph Problemwith a BoundedNumber of Terminals per Net
(bounded_net si ze_gr aph)

TheclassNetGraphProblemwith a BoundedNumberof Terminalsper Netis alsoa directdescendant
of theclassGenenl NetGraphProblem Thegraphsin this problemclasshave aboundechumberof
terminalsper net; the numberof netsremainsarbitrary Initially, the numberof terminalsper netis
boundedo 2, but canbe setto anarbitraryvalue.

3.4 Menger Problem (nenger)

Let G beanundirectedplanargraphwith two specifiedterminalss and¢. The Menger Problemis to
find a maximumnumberof internally vertex/edge—disjoinpathsbetweens and¢ in G. Without loss
of generality here theembeddingf G is enforcedsuchthatt is situatedon the outerfaceof G.

TheclassMenger Problemis modeledasa directdescendantf the classNet Graph Problemwith a
BoundedNumberof Netsandof the classNet Graph Problemwith a BoundedNumberof Terminals
per Net The graphsof the classMenger Problemhave one netwith two terminalss andt. The
t—terminalhasto beontheouterface.

3.5 Okamura—SeymourProblem (okanur a_seynour _gr aph)

Let G = (V, E) beanundirectedplanargraphwith a setof netsN = {{s1,%1},...,{sk,tx}}. The
terminalnodess;, t;, 1 < i < k, areall ontheouterfaceof G. Additionally, the so calledevenness
conditionis fulfilled, thatis the extendedgraph(V, E + {s1,t1} + ... + {sk, tx}) is Eulerian. The
Okamuea—Sgmour Problemis to decidewhetherthereare pairwiseedge—disjoinpathsps, . .., pk,
sothatp; connects; with ¢; fori = 1,. .., k, andif so,to determinesucha setof paths.

The classOkamua—Sgmour Problemis modeledasa descendanof the classNet Graph Problem
with a BoundedNumberof Terminalsper Net The graphsof this problemclasscontainanarbitrary
numberof netswith two terminalseach.Both of theterminalsof eachnetareon the outerface,each
terminalhasdegreel andall othernodeshave evendegree.
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3.6 ThreeTerminal Menger Problem(t hree_t er m nal _graph)

Let G be anundirectedplanargraphwith threespecifiedterminalnodessy, so, s3 ontheouterface
of G. The ThreeTerminalMenger Problemis to find a maximumnumberof internally vertex</edge—
disjointpathsin G sothateachpathconnectswo nodesout of thegiventriple {s1, s2, s3}.

This problemclassis modeledas a specialcaseof the classNet Graph Problemwith a Bounded
Numberof Netsandof the classNet Graph Problemwith a BoundedNumberof Terminalsper Net
Graphsof this problemclasshave onenetwith threeterminalswhich all have to beontheouterface.
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Chapter 4

Algorithms in PlaNet

In this chapterthe algorithmscurrently integratedin PlaNetare described. Theseare algorithms
for the Menger Problem Okamuea—SgmourProblem andfor the Three TerminalMenger Problem
Thealgorithmsareclassifiedaccordingto the problemsthey solve. As describedn theintroduction
(Sectionl.1),analgorithmworking on aninstanceof classP alsoacceptsnstance®f derivedclasses
P! (i.e. classesP’ with P' < P). Thereforefor eachproblemclassP, PlaNetoffers algorithms
thatwork on instance®f classP andof moregeneraklasses?” (P < P"). To avoid redundany,
algorithmsareonly listedin the descriptiorof thealgorithmsof its mostgenerabproblemclass.

In thefollowing, we differentiatebetweerproblemsolvingalgorithmsandbasicalgorithms.Only the
problemsolvingalgorithmsaredescribedn detail. Most of thebasicalgorithmgustform theskeleton
for thebuilt-in instancegeneratorshut they canbe usedon their own too. By default, beforeinvoking
aproblemsolvingalgorithmsfirst a checkwhethertheinputinstances feasibleis carriedout'. This
is doneby the samesubroutinghatcanbe calledexplicitly in theinstancenenuby choosingsubitem
TestFeasibility. TestFeasibility callsthecheck routineof the problemclassthatthe algorithmis
implementedor.

4.1 Preliminaries

Someunderlyingbasicsareexplainedfirst for a betterunderstandingf the following. For a detailed
explanationof thefollowing itemsandespeciallyof mostof thefollowing algorithms segfRLWW95].

Right-first seacch: Right-first searchplaysa crucial role within all problemsolving algorithmsin
PlaNet. This methodof searchinga graphis a specialdepth-firstsearchwherein eachstepall
possibilitiesfor goingforwardfrom theleadingnodeareconsideredn the order“from right to
left”. More preciselythis meanghefollowing.

Assumethat,at onestageof the searchpodew is theleadingnodeof the searchpath,andthat
{w, v} is theleadingedge. If thereis anotheredgeincidentto v thatis not yet consideredht
thatstage the counterclockwiseext suchedgeafter{w, v} in the sortedadjaceng list of v is

1SeeSection6.3haw this checkcanbedisabled.
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choserfor goingforward. A right-first searchin a directedgraphworks analogouslybut here
only thearcsthatleave theleadingnodeareconsideredor goingforward.

In someof thealgorithmsin PlaNet,thecorrectnessf theresultcanbe verified easilyby computing
asaturatedut or a saturatediertex separator

Vertex separator: A vertex sepaator in aconnectedyraphis a setof nodeswhoseremoval discon-
nectsthe restof the graph. Vertex separatorganbe usedto statea necessargonditionfor an
instanceof a vertex—disjointpathproblemto be solvable.

Saturated vertex separator: Let G = (V, E) be anundirectedgraph. A subsetS C G is called
a vertex sepaator for two nodess, ¢t € V, if andonly if s andt lie in differentconnected
component®f G(V \ S). We call avertex separatoiS for s and¢ saturated if every node
v € S is occupiedby an (s, t)—pathandno two nodesv,w € S areoccupiedby the same
(s,t)—path.

A necessargonditionfor solvableinstanceof edge—disjoinpathproblemsin undirectedgraphsis
thecut condition:

Cut: A cutin agraphis asetof nodes.

Cut condition: If aninstanceof anedge—disjoinpathsproblemis solvable thenfor every cut X in
the underlyinggraph,the numberof edgesconnectingX with V' \ X is atleastthe numberof
netswith oneterminalin X andthe otheronein V' \ X.

Saturated and over saturatedcut: X is calledan oversatuiated cut, if X is a cut that doesnot
fulfill the cut condition X is a satumated cut, if every edgeconnectingX with V' '\ X is
occupiedoy adifferentpath.

4.2 Algorithms for the Menger Problem

Let G be anundirectedplanargraphwith two specifiedterminalss and¢. The Menger Problemis
to find a maximumnumberof internally vertex/edge—disjoinpathsbetweens andt in G. Without
lossof generality here ,theembeddingf G is enforcedsuchthatt is situatedon the outerfaceof G.
Currently therearetwo algorithmsfor the MengerProblemincludedin PlaNet,the Vertex—Disjoint
Menger Algorithmandthe Edge—DisjointMenger Algorithm

Vertex—Disjoint Menger Algorithm.

Here,the problemis to find internallyvertex—disjointpathsin the Menger Problem In PlaNetthelin-
eartime algorithmof Ripphausen—Lipa/VagnerandWeiheis implementedRLWW93, RLWW97].
SeeFigure4.1for anexample.

In the algorithm, pathsfrom s to ¢ arerouted“as far right aspossible”. But a pathoncedetermined
by the algorithmneedsnot necessarilyappearin the final solution. Not even an edgethatis once
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occupiedby an (s, t)—pathduringthealgorithmmustbe occupiedby a pathof thefinal solution. Just
thereverse pathsare“rearrangedtime andagain.

Thealgorithmworksin adirected nearlysymmetric auxiliary graphconstructedrom the undirected
inputgraph.All edges{v, w}, excepttheedgesncidentto s or ¢, arereplacedy thetwo correspond-
ing arcs(v, w) and(w,v). Edgesncidentto s arereplacednly by thecorrespondingrcsleavings,
andedgesncidentto ¢ arereplacedoy the correspondin@rcsenteringt. In this auxiliary graphthe
directedversionof the Mengerproblemis consideredi.e., the problemof finding asmary directed
internallyvertex—disjoint (s, t)—pathsaspossible.

Thealgorithmconsistf aloop overall arcsay, . . . , a;, leaving s. In theit” iteration,the algorithm

triesto find a pathstartingwith a; andendingwith ¢ by right-firstsearchDuring the searchgconflicts
on the currentsearchpathcanoccur A conflict occurswhenthe searchpathentersanotherpathor

itself. Conflictsareresohed by markingarcsasremovedin the graphandrearrangingsplitting and

newly concatenating)he involved pathsso that proper (s, t)—pathsare found. For a more detailed
descriptionof the techniquesee[RLWW93, RLWW97]. The computedpathsarethentransformed
into a solutionof theoriginal undirectednstance.

After the constructiorof a maximumsetof internally vertex—disjoint (s, t)—pathsa saturatedvertex
sepaator is computedy a specialdepth-firsisearchalgorithm. This depth-firstsearchs startedrom
s and usingonly edgesthat are not occupiedby ary path. If a nodethatis occupiedby a pathis
enteredthesearcHollows this pathoneedgebackwardsandcontinueslf ¢ is reachednextra pathis
found. Otherwisejf thesearchreturnsbackto s, asaturatedrertex separatoconsistf thefollowing
nodes:for every visited path P take onenodewith maximumdistancerom s with respecto P, and
addthefirst nodeof all notvisited paths.

Visualizationof thealgorithm:

A secondvindaw is openedn whichthe directedgraphinstances displayed.Theretheincremental
constructiornof the pathscanbe obsered. Every new searchpathis givenanew color. If a pathis

split becausef a conflict, the backendof the pathgetsa new color. Analogouslyif two pathsare
concatenatedheresultingpathgetsanew color. Theresultingpathsarethentransmittedo theinput

instance.

Thesaturatedrertex separators visualizedin thedirectedgraphby markingits nodesn anew color.
All nodeghatarevisitedby thespecialdepth-firstsearcharealsomarkedin adifferentcolor. In addi-
tion to the graphicalinformation,the vertex—disjoint pathsfound by the algorithmsandthe saturated
vertex separatoarewrittento the PlaNetlog file andthelog window.

Edge-DisjointMenger Algorithm.
Now, theproblemis to find edge—disjointpathsin theMenger Problem In PlaNetWeiheslineartime
algorithmis implementedWei94, Wei97. SeeFigure4.1for anexample.

Themainideaof thealgorithmis to reducethe problemto a maxflow problem(cf. [CLR94]). There-
fore, an auxiliary directedgraphG— is defined,andfrom this, in a secondstep,anotherauxiliary
directedgraphG_” aredefined.Then,a maximunmunit flowfrom s to ¢ in G is determinedandthe
solutionis transformedbackto a maximumunit flow from s to ¢ in G—. Finally, the latter flow is
transformedo a maximumnumberof edge—disjoin{s, t)—pathsn G.
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Figure4.1: An instanceof the Menger Problem with sourcell andtamget 16. Theleft figure shavs
thesolutionconstructedy the Vertex—DisjointMenger Algorithm theright figure shavs the solution
of the Edge—DisjointMenger Algorithm In blackandwhite modethe pathsbelongingto thesolution
aredashed.

ThegraphG~— is thedirected symmetriographthatarisesrom G if eachundirectecedge{v,w} € E
is replacedwith the two correspondinglirectedarcs(v, w) and(w,v). In thefollwing attentionis
restricedto the problemof finding a maximumunit flow F' from s to ¢ in G, wherebyevery edge
hascapacityl andflow O, initially. To computethe flow in G, the secondauxiliary graphG_” is
constructedrom G~ by reversingsomeedgessothatG ;> doesnotcontainary cycleswith clockwise
orientation.Then,aflow in G hasa 1:1-corresponderdo aflow in G™. The computatiorof the
flow in G worksasfollows:

Letay,...,a; bethearcsleaving s. The procedureconsistsessentiallyof aloopover1,...,k. In
thei*" iteration, the algorithmroutesa path startingwith a; andendingwith s or ¢ “as far right as
possible”by right-firstsearch As everynodein G;” hasevendegreethe searchpathalwaysendsin s
orin t. Every edgeis visitedonly once theflow of every visitededgeis setto 1. Having determined
themaximumflow in G_?, thealgorithmthenreconstructsheflow in G~ andtherequiredpaths.

Visualizationof thealgorithm:

A secondwvindow is openedwvherethe directedsymmetricgraphof theinstancds displayed.There,
the constructionof the residualgraphG_” canbe obsered, whereedgesare reversedin orderto

preventclockwisecycles. In thisresidualgraphevery new searchpathis givenanew color. Now the
flow in G is visualizedandall edgeswith unit flow arecoloredin the mainwindow. Out of these
edgesasmary edge—disjoinpathsaspossibleareincrementallyconstructedndcolored.Additional

to thisgraphicalinformation,theedge—disjoinpathsarewrittento the PlaNetlog file andlog window

by enumeratinghe nodesinvolved.
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4.3 Algorithms for the Okamura—SeymourProblem

Let G = (V, E) beanundirectedblanargraphwith a setof netsN = {{s1,t1},...,{sk, tx}}. The
terminalnodess;, t;, 1 < i < k, areall ontheouterfaceof G. Additionally, the evennesgondition
is fulfilled, thatis theextendedgraph(V, E + {s1,t1} + ... + {sk, tx}) is Eulerian. The Okamug—
Se/mour Problemis to decidewhetherthereare pairwiseedge—disjoinpathsps, . .., pg, Sothatp;
connects; with ¢; fori = 1,.. ., k, andif so,to determinesucha setof paths.

One basic Edge—Disjoint Path Algorithm to solve the Okamua—Sgmour Problemis includedin

PlaNet. In addition, thereare also several heuristicalgorithmswhich try to minimize the size of

the solution, i.e. the total length of pathsthat are found. See[BNW96] or [Ney96] for a detailed
discussiorof the heuristics.Figures4.2— 4.11shav somealgorithmicsolutionsof aninstance.The
basicalgorithmsgiven at the endof this sectionare mainly includedfor the constructionof random
instances.

Problem solving algorithms

Edge—DisjointPath Algorithm for the Okamura—SeymourProblem.
This is animplementatiorof the lineartime algorithmof WagnerandWeihe[WW93, WW95|. See
Figure4.2for anexample.

Withoutlossof generalitylet all terminalsbe pairwisedifferentandhave degreeonée’. We assumehat
theterminalssatisfythefollowing conditior?: Accordingto a counterclockwis@rderstartingwith an
arbitrarystartterminalz, s; precedes; for: = 1,...,k, andt; precedes; 1 fori = 1,...,k — 1.
Thesolutionis nov computedn two phases:

1. First, arelated“easier” instance(G, V') with parenthesisstructue is constructed.For this,
considerthe 2k—string of s— and¢—terminalson the outerfacein counterclockwiserdering,
startingwith aterminalz. Thei'® terminalis assignedh left parenthesisf it is an s—terminal,
anda right parenthesisdf it is a t—terminal. The resulting2k—string of parenthesiss thena
string of left andright parenthesishat canbe pairedcorrectly That meansthat the pairs of
parenthesiare properlynestedor disjoint. Theterminalsarenow combinednewnly according
to this pairing, choosingt; = tz(-) (i.e. the t—terminalsremainthe same). Then, (G, N0) is
sohable,if (G, N) is.

The procedureo computethe directedpathsis essentiallya loop over the new nets. In the i*»
iterationa pathfrom sl(-) to t?, 1 = 1,..., k is constructedy right-first search.Becausehe
evennesgonditionis fulfilled for theinstanceegachpathreachest—terminal.lf thei—terminal
is nott; the problemis notsolvable. In this caseanover-saturatedutis computed.

In caseof successall computedpathsare combinedto build the directedauxiliary graph of
instance(G, N') with respecto startterminalz. Therein,all edgesof every patharegiventhe
directionin whichthey aretraversedduringthe procedure.

2. Thesecondhasdakesasinstancaheauxiliary graphandtheoriginal nets.Similarto thefirst
phase the requiredpathsare computedwithin a loop over all nets. In the i iterationa path

2Thisis easilyachiered by a simplemodificationof theinputinstance.
30therwisesxchangestartandendterminalof anet.
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froms; tot;, i = 1,...,k, is constructedy right-first search Again, if ¢; is notautomatically
reachedheinstancds unsohableandanover-saturatedutis computed.

Visualizationof thealgorithm:

Two windows are opened,in both of themthe constructionof the pathsof (G, N0) (forming the

auxiliary graph) canbe seen.Onewindow staysin this state the otherwindow visualizeshe second
phaseof the algorithm. In thei*” iteration,a pathfrom s; to ¢;, i = 1,. .., k is constructedy right-

first search Every new pathgetsthe color of its correspondingnet. Having computedall paths these
andtheirlengthsareprintedto the PlaNetlog file andlog window by enumeratinghenodesnvolved.

If in ary phaseof thealgorithmthe constructiorof the pathsfails, an over-saturatectut is computed
andthe edgescrossingthe cut arecoloredred. The missingnumberof edgesandthe edgeidentifiers
of thecrossingedgesarewritteninto the PlaNetlog file andlog window.

Edge-DisjointMin Interval Path Algorithm.

This algorithmis a modificationof the basicEdge—DisjointPath Algorithmwherethe total lengthof

all pathsis heuristicallyminimized. It usesasortof preprocessinfpr thebasicalgorithmby choosing
thestartterminalheuristicallybeforecalling it. This heuristicalgorithmalsohaslinearrunningtime.

SeeFigures4.3,4.4,and4.5for examples.

The crucialfactusedby the heuristicis thatthe 2k—stringof s— and¢—terminalson the outerfacein
counterclockwiserderingcanbeshiftedcyclically withoutinfluencingthe solvability of theinstance.
Doingthis, possiblys; hasto beexchangedvith ¢; to maintainthe propertythats; occursbeforet; in
thestring. Now, to every netn; anintenal of lengthi; (for thedefinitionof /; seebelow) is associated
andthelist is shiftedcyclically until thetotal interval lengthis minimal. After that, the basicEdge—
Disjoint Path Algorithmis calledwith the first terminalof the shifted2k—stringasthe startterminal
Z.

Theintenal lengthl; is definedin threeways:

In thefirst case(Edge—DisjointMin Interval Path Algorithml) [; is the numberof terminalsbetween
s; andt; in thesequenceln the secondcase(Edge—DisjointMin Interval Path Algorithmll) /; is the
numberof edgeson the outerfacebetweens; andt;. In the third case(Edge—DisjointMin Interval
Path Algorithm 111') /; is the numberof edgeson the outerfacebetweens; andt; minusthe edges
incidentto theterminals.

Visualizationof thealgorithm:

As this heuristicalgorithmdiffers from the basic Edge—Disjoint Path Algorithm only by usingan
especiallydeterminedtartterminal,thevisualizationis limited to theindicationof theresultingpaths
by colors.

Edge—DisjointMin Parenthesisinter val Path Algorithm.

This algorithmalsois amodificationof thebasicEdge—DisjointPath Algorithmwherethetotal length
of all pathsis heuristicallyminimized. It againusesa sort of preprocessindpy choosingthe start
terminalheuristically This heuristicalgorithmhasrunningtime O(n + k?) with n beingthe number
of nodesandk beingthe numberof nets,thusincreasingherunningtime. SeeFigures4.3,4.4,and
4.5for examples.
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As in the Edge—DisjointMin Interval Path Algorithm above, this heuristicstartsat the orderingof
the s— andt—terminals,in the first phaseof the basicalgorithm. But now the netsof the problem
with parenthesistructureare consideredy associatingan intenal lengthi; to every net nzo, i €
{1,...,k}, of instancg G, N'0). Thedefinitionof /; is doneanalogouslyo the previousalgorithm.

Visualizationof thealgorithm:
Thevisualizationis doneanalogouslyo the heuristicalgorithmabove.

ReducedEdge—Disjoint Path Algorithm.

In the secondbhaseof the basicEdge—DisjointPath Algorithmthe pathsare constructedisingonly
edgedromtheauxiliarygraph.TheReduceddge—DisjointPath Algorithmnow useghis by invoking
the basicEdge—Disjoint Path Algorithm first and thenremoving all edgesthat are not considered.
Then,anew startterminalis chosermmrandomlyandthebasicalgorithmis calledagainwith thisreduced
instance This heuristicalgorithmagainhaslinearrunningtime. SeeFigure4.6 for anexample.

Visualizationof thealgorithm:

First, the result of the Edge—Disjoint Path Algorithm is displayedin the main graphwindow. A
readablepresentatiorof all pathsandtheir lengthsis written to the PlaNetlog file andlog window.
After that, theresultof the Edge—DisjointPath Algorithm appliedto the reducednstanceandusing
anotherstartterminalis displayedin an auxiliary window. Again, the pathsandtheir lengthsare
writtento the PlaNetlog file andlog window.

Mor e ReducedEdge—Disjoint Path Algorithm.

In the methodof the Reducededge—Disjoint Path Algorithm ary terminal can be chosenas start
terminalin the secondcall of the basicalgorithm. This is usedin the More Reduced=dge—Disjoint
Path Algorithmby iteratingover all possiblestartterminals.Beforeevery new step,all unusededges
arediscarded.This heuristicalgorithmhasrunningtime O(kn) with n beingthe numberof nodes
andk beingthenumberof nets.SeeFigure4.7 for anexample.

Visualizationof thealgorithm:

The solutionsof the calls of the Reducededge—Disjoint Path Algorithm for eachterminal as start
terminal are displayedsuccessely in the graphwindow. The pathsand their lengthsof the last
iterationarewrittento the PlaNetlog file andlog window. Additionally, thetotal pathlengthsof each
iterationareprinted.

Edge-DisjointPath Algorithm — Last/LongestPath ShortestPath.

Thesetwo algorithmsusea sortof postprocessinépr the basicEdge—DisjointPath Algorithmt The
basicalgorithmis calledfirst, andthe constructedathsarereconsideredThe aim of this heuristic
algorithmis to malke the last/longespathof this solutionshorter Therefore the last/longespathis
removed from theinstance andrecomputedy an algorithmto computeshortespathsusingall the
edgesof the input instancewhich are not occupiedby the other paths. Theseheuristicalgorithms
againhave linearrunningtime. SeeFigures4.8and4.9for anexample.

Visualizationof thealgorithm:
Thevisualizationis doneanalogouslyo the visualizationof thefirst heuristicalgorithm. A readable
representatioof the pathsand their lengthsare written to the PlaNetlog file andlog window, in-
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dicatingalsothe numberof edgeswhich have beensared by this heuristicin respecto the original
algorithm.

Edge-DisjointPath Algorithm — All Paths ShortestPaths.

This methodagainusesa sort of postprocessindpr the basicEdge—Disjoint Path Algorithm The
basicalgorithmis calledfirst, andthe constructegathsarereconsideredLet p1, . . ., p,, bethecon-
structedpaths.For p;, to py, all pathsaresuccessiely removedfrom the graphandrecomputedvith

analgorithmwhich determineshortespathsusingonly edgef theinputinstancevhich arenotoc-
cupiedby the otherpaths.This heuristicalgorithmhasrunningtime O(kn) with n beingthenumber
of nodesandk beingthe numberof nets.SeeFigure4.10for anexample.

Visualizationof thealgorithm:
Thevisualizationis doneanalogouslyo the visualizationof the previousheuristic.

Min Parenthesisinterval Il and All Paths ShortestPaths.

This methodis a combinationof two of the above heuristics:As a preprocessinghe Edge—Disjoint
Min Parenthesidnterval Path Algorithml is called,andasa postprocessinghe All PathsShortest
Path Algorithmis executed.This heuristicalgorithmagainhasrunningtime O(kn) with n beingthe

numberof nodesandk beingthe numberof nets.SeeFigure4.11for anexample.

Visualizationof thealgorithm:
Again, thevisualizationis doneanalogouslyto the visualizationof thefirst heuristic.

Basicalgorithms

GenerateN Random Terminal Pairs on the Outer Face.

The input of this algorithmshouldbe an instanceof the classOkamua—Sgmour Problemwithout
ary nets. A dialogwindow requestghe numberof nets N thatareto be generated.The algorithm
thencreate2 N nodesand2N edges.Eachnodeis linkedto a nodeon the outerfaceby anedge so
thatthe nodesareuniformly distributedaroundthe outerfaceof theinputgraph.Then,theterminals
arerandomlycombinednto two-terminalnets.

GenerateRandom Terminal Pairs on the Outer Face.

This algorithmworks similarly to thealgorithmdescribedaborve. Its input shouldalsobeaninstance
of the classOkamua—Sgmour Problemwithout ary nets. But in this algorithmthe numberof two-

terminalnetsis determinedby the algorithm: abouttwice asmary netsasthereexist nodeson the

outerfaceof theinputinstancearegenerated.

Make every nodedegreeeven.

The input for this algorithm shouldbe an instanceof the classOkamua—Sgmour Problemwhich
might have nodeswith odddegree.Thealgorithmremoresedgedrom the graphuntil every nodehas
evendegreeexceptthe terminalswhich aresupposedo have odd degree. This is doneby listing all
nodeswith odd degree(excepttheterminals). Then,for every two nodesof this list a pathbetween
thesenodess searchedheuristicallyandevery edgeon the pathis deleted.
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Figure 4.9: Resultof the heuristicalgorithm
Edge—DisjointPath Algorithm—LongestPath
ShortesPathfor the Okamua—SgmourProb-
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Figure 4.8: Resultof the heuristicalgorithm
Edge—Disjoint Path Algorithm — Last Path
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4.4 Algorithms for the ThreeTerminal Menger Problem

Let G beanundirectedblanargraphwith threespecifiedterminalnodess;, s2, s3 ontheouterface
of G. TheThreeTerminalMenger Problemis to find a maximumnumberof internally vertex/edge—
disjointpathsin G sothateachpathconnectswo nodesoutof thegiventriple {s1, s2, s3}. Currently
therearetwo algorithmsincludedin PlaNetfor the Three Terminal Menger Problem the Three Ter-
minal Vertex—Disjoint Menger Algorithm andthe Three Terminal Edge—DisjointMenger Algorithm
Figures4.12and4.13shav examples.

ThreeTerminal Vertex—Disjoint Menger Algorithm.
Here,the problemis to find internally verte«disjoint pathsin the Three Terminal Menger Problem
Neyer’s lineartime algorithmis implementedNey96.

Essentiallythe algorithmconsistsof two phases First, a maximumsetof internally vertex—disjoint
pathsbetweenrary pair of nodesof the giventriple {s1, s2, s3} is computedndependentiypy right-
first searchln thesecondhasethesepathsarecombinedo form amaximalsetof internallyvertex—
disjoint paths.

The constructionof the pathsin thefirst phases doneusingthe following rule: Let » andv bethe
terminalsthat areto be connectedandw the remainingterminal. If w is on the counterclockwise
pathbetweenu andv ontheouterface,thenthe pathsareroutedfrom v to » usingright-firstsearch.
Otherwisethey areroutedfrom  to v. This guaranteethatthe pathscanbe combinedeasilyin the
secondphase.

For thesecondbhasepbsere thata solutionof the Three Terminal Vertex—Disjoint Menger Problem
is asubsetM of the sumof theindependentlyyomputedight-first pathsbetweerary two terminals
of thetriple. The stratgy to computeM now is the following: Let A (B, C, resp.) be the setof
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(s1, s9)—paths((sq, s3)—paths,(ss, s1)—paths,resp.) ascomputedn phasel. Initialize M with A.
Then,addall B—pathgi.e. pathsfrom B) thatareinternallyvertex—disjointto M, andrepeathis with
the C—paths. Now it is testedwhetherit is possibleto replaceone A—pathin M by a B—pathand
a C—path,thusincreasinghe total numberof paths. Becauseof the constructionin phasel, all the
addedB—pathg(C—pathsyesp.)arethe outermospathsof B (C, resp.).Hence,it sufiicesto examine
only thosepathsof B andC on beinginternally vertex—disjointwhich arenext outermost&ndnot yet
consideredlIf thisis thecasethesewo pathsreplacethe outermost4—pathin M. This procedurds
repeatedintil pathsarefoundthatarenotinternallyvertex—disjoint.

Visualizationof thealgorithm:

Threeauxiliary graphwindows pop up, eachvisualizingthe incrementalkonstructionof oneof the
threetwo-terminalpathsof thefirst phase The (s, s2)—pathsin thefirst window arecoloredred, the
(s2,83)—pathsin the secondwindow blue, andthe (s3, s1)—pathsin the third window green. In the
following the pathsarecalledaccordingo thesecolors.

Theconstructiorof M canbeobseredin themaingraphwindow. M isinitializedwith all redpaths.
Thenall blue pathsthatareinternally vertex—disjointto M areinserted andanalogouslall feasible
greenpathsareadded.After that,the replacemenof ared pathby a greenanda blue pathis carried
out if appropriate.In additionto the graphicalinformation,the set M of internally vertex—disjoint
pathswith maximumcardinalityis written to the PlaNetlog file andlog window by enumeratinghe
nodesnvolved.

ThreeTerminal Edge-DisjointMenger Algorithm.

Now, theproblemis to find edge-disjointpathsin the ThreeTerminalMenger Problem Neyer'slinear
time algorithmis implementedNey96]. It worksanalogouslyo the previousone,exceptthatedge—
disjoint paths(insteadof internally vertex—disjointpaths)aresearchedh phasel andthencombined.
Thevisualizationis donein the sameway too.

4.5 Algorithms for the General Net Graph Problem

Thealgorithmsin this sectionwereprimarily implementedor the constructiorof randominstances.

GenerateRandom Nodes.

Theinput for this algorithmshouldbe an emptyinstanceof the classGenernl Net Graph Problem
The numberof nodesn is requestedn a dialog window, andn nodeson randomcoordinatesare
created.Thisinstanceconsistingonly of nodeds displayedn the graphwindow.

Delaunay Triangulation.

This algorithmrequiresthe input of aninstanceof the classGenerl NetGraph Problemthatshould
not containary edges. This canbe obtained,for example,by usingthe basicalgorithm Geneate
RandomNodesor by manualnodecreationusingthe Edit Graph featureof theinstancemenu.The
Delaunaytriangulatiort of the nodesis computedandthe triangulatedgraphis displayed.Here, the
algorithmof GuibasandStolfi is implementedGS85].

4SeeSectionl.4for thedefinition.
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Figure 4.12: A solution of the Three Ter-
minal Vertex—Disjoint Menger Problem A
maximum set of 6 paths between nodes
{30,17,18} have beendetermined.In black
andwhite mode the pathsbelongingto theso-

Figure4.13: A solutionof the ThreeTerminal
Edge—DisjointMenger Problem A maximum
setof 7 pathsbetweemodes({30, 17, 18} have
beendeterminedIn blackandwhite mode the
pathsbelongingto the solutionaredashed.

lution aredashed.

Triangulation.

As the previous algorithm, this algorithmrequiresthe input of aninstanceof the classGenenl Net
Graph Problemthatshouldnot containary edges.A randomtriangulationof the nodesis computed
andthetriangulatedyraphis displayed.

The randomtriangulationis found by computinga Delaunaytriangulationandreplacinga random
numberl of edgeshy theirdiagonaledge.Here,l = |E|log |E| + k, where0 < k < |E| isarandom
numbeyand|E| is thenumberof edgesof thetriangulation.This methodhasbeensuggestedy Bill
Thurston(email: wpt @rat h. ber kel ey. edu).

Deleteall Multiple Edges.
This algorithmrequiregheinputof anarbitraryinstanceof the classGeneal NetGraphProblemand
displaysit afterthedeletionof all multiple edges.

DeleteN Edges.

Thisalgorithmalsorequiregheinputof anarbitraryinstanceof theclassGenerl NetGraphProblem
ThenumberN is requestedn a dialogwindow, and N randomlychoseredgesof theinputinstance
aredeleted.Thethusreducednstances displayedn the graphwindow.
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Deletea Random Number of Edges.

Like the previous algorithm, this algorithm requiresthe input of an arbitraryinstanceof the class
Generl NetGraphProblem A randomnumberi (0 < I < |E|/2, where|E| is thenumberof edges)
of randomlychoseredgesof theinputinstancearedeleted andthereducednstances displayed.

CreateoneNet.
The input for this algorithmis an arbitrary instanceof classGeneal Net Graph Problem A net
consistingof two terminalsis createdvherethe seconderminalis situatedon the outerface.

32



Chapter 5

Instancegeneratorsin PlaNet

Thedevelopmenibof randomgenerator$or specialplanargraphclassess not straightforvard andthe
designof suchalgorithmstook us a lot of time. All our randominstancegeneratorgre calledwith
an emptyinstanceof the correspondingproblemclass,andconsistof the following steps.First, the
numberof nodes: is requestedh a dialogwindow, andn nodeswith randomcoordinatesrecreated
(algorithmGeneate RandonNode$. Then,atriangulationis constructedndafterwardsa coupleof
edgesareremoved. Theresultinginstanceas displayedn thegraphwindow.

Note that the triangulationsare exactly the maximal planargraphswith respectto the insertionof
edges. Our experiencehasshavn that suitablerandomdistributions can be implementedhis way
muchmore easilythan, for example,by constructingrandomgraphsincrementallyasit is difficult
to maintainplanarity throughsucha procedure. The following instancegeneratorsare includedin
PlaNet.Theparticularalgorithmsmentionecherearedescribedn detailin thecorrespondingections
of Chapterd andin AppendixF.

5.1 Generatorsfor the Menger Problem

As describedn Section3.4,afeasibleinstanceof the classMenger Problemconsistof anundirected
planargraphwith two terminalsin onenet,andt is onthe outerface.

GenerateRandom Instancefor the Menger Problem.

After the creationof the nodes,a randomtriangulationis computed(algorithm Triangulatior). A
randomnumberof randomlychoseredgess deletedalgorithmDeletea RandomNumberof Edges,
andarandompair of terminals(s, t) with ¢ ontheouterfaceis createdalgorithmCreateoneNeY).

Generatelnstancefor the Menger Problem.
Thisinstancegeneratoworkssimilarly to the previousoneexceptthatthe nodesareconnectedising
aDelaunayTriangulationinsteadof arandomtriangulation.
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5.2 Generatorsfor the Okamura—SeymourProblem

A feasibleinstanceof the classOkamua—Sgmour Problem(seeSection3.5) fulfills the following
propertiest is anundirectedplanargraphwith anarbitrarynumberof two-terminalnets. All termi-
nalshave nodedeggreel andlie ontheouterface,all othernodeshave evendeagree.

Generatelnstancefor The Okamura—SeymourProblemwith N Nets.

After the creationof the nodes,the Delaunaytriangulationfor thesenodesis computed(algorithm
DelaunayTriangulatior). Then,a numberN of two-terminalnetsis requestedn a dialog window,
andN terminalpairsaregeneratedbeingdistributeduniformly onthe outerface(algorithmGeneate
N RandomTerminal Pairs on Outer Face. After that, every nodedegree(exceptthe terminals)is
madeevenby deletingedgedrom theinstancgalgorithmMake everynodedegreeeven).

Generatelnstancefor the Okamura—SeymourProblem.

This instancegeneratomworks analogousliyto the previous one exceptthat the numberof netsis
determinedby the algorithm Geneate RandomTerminal Pairs on the Outer Face This algorithm
generateabouttwice asmary terminalsastherearenodesontheouterface.

5.3 Generator for the ThreeTerminal Menger Problem

An instanceof theclassThreeTerminalMenger Problem(seeSection3.6) hasto fulfill thefollowing
properties:lt is anundirectedplanargraphwith exactly onenetof threeterminals. All terminalslie
ontheouterface.

Generatelnstancefor the ThreeTerminal Menger Problem.
After the creationof the nodes,a randomtriangulationis computed(algorithm Triangulatior), and
threenodeschoserrandomlyfrom the outerfaceareputinto anet.

5.4 Generator for the General Net Graph Problem

A feasibleinstanceof the classGeneanl Net Graph Problem(seeSection3.1) consistsof a planar
graphwith anarbitrarynumberof netsof arbitrarysize.

Generatelnstancefor the GeneralNet Graph Problem.

This algorithmcreatesa randominstancewith onenetconsistingof two terminals.After thecreation
of thenodesthe Delaunaytriangulationfor thesenodess computedalgorithmDelaunayTriangula-
tion), andtwo randomlychosemodesareputinto a net.
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Chapter 6

Generationand integration of new classes
and algorithms

PlaNetoffers a comfortableway of constructingandintegratingnew classesandalgorithms.In this
sectionit is describedhowv new classescan be generatedeasily and how classesalgorithmsand
generatorgreintegratedinto PlaNet.

Thegenerakourseof actionis thefollowing: For agiven problem first designa C++—clasqderived

from classGenenl Net Graph Problen), if all existing classesdo not fulfill the propertiesof the

problem(seeSection6.1). After that, implementthe algorithms(seeSection6.2). Then,integrate

the new classesandalgorithmsinto PlaNet. For this PlaNetoffers an ervironmentin which classes
andalgorithmscanbedesignedn alocal sourcedirectoryandthenlinkedto the PlaNetlibraries(see
Section6.3).

PlaNetallows to chooseanarbitrarysubsebf classesandalgorithmsfrom the onesdescribedn this
paper andto addown new classesaandalgorithms. Thereare only threeconditionsthat have to be
fulfilled:

e For eachalgorithmof a problemclassP thatis to beintegratedinto PlaNet,P hasto beinte-
gratedin PlaNet.

e ForeachproblemclassP all moregeneraproblemclasses”’ of P with P < P’ (upto problem
classGeneanl NetGraphProblen) have to beintegratedtoo.

e All new problemclassehave to bederivedfrom classGeneal NetGraph Problem(directly or
indirectly).

6.1 Generationof new classes

A new classNew Class(internallycallednew _cl ass) to beintegratedin PlaNetis specifiecby two
files: its declaratiorin theheadefile new_cl ass. h,andtheimplementatioriile new cl ass. cc.
PlaNetoffers a high-level featurewith that thesefiles canbe generatectasilyin mostcases. But,
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DataType(LEDA) | Namein thedescriptiorfile | Comment

i nt | NT

fl oat FLOAT

node NODE LEDA node

edge EDGE LEDA edge
list<int> | NTLI ST LEDA list of ints
[ist<float> FLOATLI ST LEDA list of floats
| i st <node> NODELI ST LEDA list of nodes
l'i st <edge> EDGELI ST LEDA list of edges

Table6.1: Supportediatatypesandtheirnamedor graph,nodeandedgeparameters

sometimedt is necessaryo write the codefor theclassfrom scratch Here first thegeneraparameter
handlingis explained.Thenthedesignof new classesvith andwithoutthehigh-level toolis described.

6.1.1 Parameter handling

All new graphclassesarederived from a baseclassthatis alreadyintegratedin PlaNet. All these
classexanautomaticallymanagesereral datatypesfor parametersn the graph,nodes,andedges.
This meanghatthe parameterandtheir typesonly have to be definedin the constructorof theclass,
andthe baseclassthenallocatesand deallocateshe spacefor theseparametersiuutomaticallywhen
aninstanceof the classis created Furthermoreall parameterandtheir valuesarecopiedby a call of
the copy—constructoof the class.For eachparameteit canalsobe markedtherewhetherit is to be
savedin anoutputfile streamor readin from aninputfile stream.All parametersanalsobe edited
by the menuitem Graph Edit. Table6.1 containsa list of all datatypesthatare supportecby the
classedn PlaNet.AppendixG.8lists all availablefunctionsontheseparameters.

6.1.2 High-level generationof a new classusingnmakecl ass

As the creationof a new graphclassruns schematicallyin mary casesPlaNetoffers a high-level
ernvironment,callednmakecl ass, which generate<C++—codefrom a high-level descriptionof the
class. It is a perl—script, locatedin the directory/ pat h_t o_pl anet/ pl anet/ bi n. It canbe
usedas a self-containeddesigntool for a new class,if this classonly enforcessimple parameter
handling,by simply calling it togethemwith the classdescriptiorfile.

Sucha classdescriptionfile consistsof five blocks: A definition of the classname,the nameof the
baseclassest is derved from, andthelistings of its graph/node/edgearametersespectrely. Each
of thelastthreeblocksmay alsobe omittedif no suchparameteis desired.Lines startingby # are
takenascommentsln eachblock theinformationis given by the correspondindkeyword in form of
afunction. Thesekeywordsare:

!Confertheperl manualpages.
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# cl ass nane
class("foo");

# as we all know, a "foo" is a "bar" and a "fnord"
is_a("bar", "fnord");

# graph paraneters

gr aph_param("source", NODE, SAVE);

graph_param("target", NODE, SAVE);

gr aph_paran("forbi dden", NODELI ST); # don't save the nodeli st

# node paraneters
node_paranm("cap", FLOAT, SAVE);
node_par am( "excess", FLOAT); # don’t save node excess

# edge paraneters
edge_paran{("cap", FLCAT, SAVE);

Figure6.1: Filef oo. def

cl ass("nane"): Theinternalnameof theclassis nane.
is_a("class_1", "class_2", ...): Theclassisdervedfromcl ass_1,class_2,...

graph_paran{"nanme", type, SAVE): Theclasshasagraphparametecallednane of type
t ype. SeeTable6.1 for the supporteddatatypesandtheir names. The parameteiSAVE is
optional. If it is giventhe parametewill bestored(read,resp.)whentheinstanceas writtento
(readfrom, resp.)afile.

node_par an({"nanme", type, SAVE): Sameasaboefor nodeparameters.

edge_paranm("name", type, SAVE): Sameasabovefor edgeparameters.

SeeFigure6.1for thedescriptiorfile calledf oo. def for theexampleclassf 0o. Theclassf oo is
derivedfrom classbar andclassf nor d. The graphparameterarea nodecalledsour ce, anode
calledt ar get andalist of nodescalledf or bi dden. Thetamgetandsourcenodeareto be saved,
while thelist of forbiddennodess notto be saved, whenthe graphis writtento afile. Therearetwo
nodeparametersf typef | oat calledcap andexcess (whereonly cap is to be saved),andone
edgeparametenf typef | oat calledcap (alsois to besaved).

Now, by a call of makecl ass f oo. def, two files f 0o. h andf 0o. cc containingC++-code
aregeneratedTheseoffer (additionallyto all inheritedfunctionsof the baseclasseshpll accessaand
lookupfunctionsfor thegraph/node/edgearameterasthey aredefinedin f 0o. def . SeeAppendix
B (in FiguresB.1 andB.2) for alisting of theséfiles.

6.1.3 Generation of a new classfrom scratch

If a new classthatis to be integratedin PlaNetneedsmore sophisticatednodifications(e.g. new
functionsand methods) the useof makecl ass is not suficient. But eventhenthe makecl ass
featurecanhelpto build a skeletonfor the headeffile andthe implementatiorfile of the new class:
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Thefilesgeneratedy makecl ass only have to beextendedo containthe additionalfeaturesof the
class.

In generalwhendesigninganew classwithoutmakecl ass, it is advisabldo encapsulatéheheader
file of theclassdescriptiorwith the header

#i f ndef __<cl assnanme>_h__
#define __ <classname>_h_

andthefooter
#endi f

Thus,declaration®f a headeffile areincludedonly oncein acompilationervironment. This is done
automaticallyby makecl ass.

As anexampleconsidemavariantof the Menger Problem the (s,t)-PlanarMenger Problem Herethe
problemis to find asmary internally vertex—disjoint pathsbetweerthe two terminalss andt aspos-
sible,in instancesvhereboth, s andt, lie ontheouterface.Thus,feasibleinstancedor this problem
have to fulfill all conditionsastheinstance®f the classMenger Problem but now alsos is restricted
to be on the outerface. Thus, the class(s,t)—PlanarMenger Problemis a specializationof class
Menger Problem andthereforethe classnenger _s_t _pl anar is derived from classnenger .

Thereonly hasto beaddeda nev check routinewhich testsif the s—terminallies on the outerface
andthencallsthecheck routineof its baseclassmenger . As this classrequiresadditionaltestsand
themakecl ass featurecannotbe used.FigureB.3 andFigureB.4 in AppendixB shav the header
file andtheimplementatiorfile of this class.

6.2 Implementation of algorithms and instancegenerators

As aclassanalgorithn? New Algorithm internallycallednew_al gor i t hm thatis to beintegrated
in PlaNetis specifiedoy two files: its declaratiorin theheadefile new_al gori t hm h, andits im-
plementationn theimplementatiorfile new_al gori t hm cc. It hasto bedeclaredn thefollowing
way:

int new algorithn(class A& Q;

wherecl ass_Ais derivedfrom classxgr aph orits derivatives(cl ass_A =< xgr aph). A func-
tion declaredike this certainlyalsoacceptslassobjectsof classeglervedfromcl ass_A.

All method=f the baseclassesnaybe usedfor the implementatiorof thealgorithms.For adetailed
descriptionof thesemethodsconfer AppendixG andH. Additionally, mostof the basicalgorithms
usedin the algorithmscurrentlyincludedin PlaNetcanbe calledalso. Thesearedescribedn Ap-
pendixF.

2or instancegenerator
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As anexample,consideragainthe (s,t)-PlanarMenger Problemfrom the previous subsection Fig-
ureB.5in AppendixB shavstheheadeffile nenger _s_t _pl anar _al gori t hm hfor the(s,t)-
Planar Menger Algorithm Again, the declarationof the algorithmis encapsulateth a #i f ndef
heademand#endi f footer(cf. Section6.1.3).

In Figure B.6 in Appendix B, the implementationof the algorithmin file menger _s_t _pl a-

nar _al gorit hm cc is presented.The (s,t)—PlanarMenger Algorithm consistsof threeproce-
dures. The main procedurarenger _s_t _pl anar _al gori t hmis calledby PlaNetwith anin-

stanceof theclasg(s,t)—PlanamMenger Problemor of aclassderivedfromit. First,theterminalss and
t areextractedfrom thedatastructure.Then,the edgethatis thefirst onthepathfrom s to ¢ alongthe
outerfacein counterclockwiséirectionis determinedAfter that,thecoreprocedure i ght _pat hs

is calledwith this edgeasinput parameter

Theprocedure i ght _pat hs mainly consistof aloop over all edgeghatareadjacento s, starting
with edgestart In eachiteration,a pathfrom s to ¢ or backto s is searchedy a call of procedure
next _pat h. Procedurenext _pat h now searches pathfrom s to ¢ asfar right aspossibleby
right-first search.Nodesthat have alreadybeenvisitedaremarledin a LEDA node_array. The
visualizationof thealgorithmis doneautomaticallyby theunderlyinggraphclassesTheterminalsof
thenetaremarked by a color andeachpathis givenanothercolor.

6.3 Integration of classesalgorithms and instancegenerators

The generalcourseof actionwhenintegrating classesalgorithmsandgeneratorsnto PlaNetis the

following: Theproblemclassesndtheirinheritancehierarchiesredescribedn ahigh-level language
in afile namedcl asses. def . Then,afile Conf i g is usedto indicatelocal sourceobjects.These
files arethenscannedvhenthe actualPlaNetexecutabldas generatedby usingthe mak e feature.

In orderto usethis ervironment,createthe following configuratiorfilesin thelocal PlaNetdirectory:
cl asses. def ,Confi g,andMakef i | e. Thisis donebestby copying thetemplatefiles from the
directory/ pat h_t o_pl anet / pl anet/ confi g andthenmodifyingtheseappropriately

6.3.1 Theformat of cl asses. def

In file cl asses. def , all classesandalgorithmsof thelocal versionof PlaNetaredefined.It con-
sistsof a headedefiningthe local PlaNetworking directories followed by a block of linesfor each
problemclass.Eachsuchblock containghebasicinformationfor the classandall its algorithmsand
generatorsThespecificformatof thefile is asfollows. Linesstartingwith # aretakenascomments.

The headerconsistf the keywordsTOP: andthe optionalkeyword LOCAL _SRC: . After the key-
word TOP: the pathto the PlaNetdirectoryis specifiedandafterLOCAL_SRC: thepathto thelocal
sourceslirectory whichwill alsobesearchedor includefiles. Thecurrentworkingdirectoryis taken
asadefaultfor LOCAL_SRC. All pathsin cl asses. def haveto bespecifiedrelativeto oneof the
pathsspecifiedafter TOP: or LOCAL_SRC: .

Eachproblemclassblock consistsof lines startingwith the keywords CLASS, | NCLUDE: , NAME: ,
| NSTANCES: , HELP: , followed by a list of algorithmsand generatorsandis terminatedby the
keyword END. The nameafter CLASS definesthe internalclassname.All its baseclassesarelisted
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LOCAL _OBJECTS = ../local/nmenger_s t planar.o \
../local/nenger_s_t_planar_algorithmo

Figure6.2: An exampleof aConf i g file

(separatedby blanks)aftera“:”. Keyword | NCLUDE: is followed by the nameof the includefile,

i.e.thefile containingthe declaratiorof the class.After keyword NAME: the nameof theproblemas
it is displayedn the graphicaluserinterfaceof PlaNetisspecified Keyword | NSTANCES: indicates
the nameof the instancedirectory for the problemclass. After keyword HELP: the nameof the
documentatiofiile for the classis expected.Thetext in thisfile will appeaashelptext in PlaNet.

After thesdines,alist of algorithmsandgeneratorgor theproblemclassmayfollow. Thedefinitionof
analgorithmanda generatodiffersonly in the keyword ALGORI THMor GENERATCR, respectrely.
Eachlist item againconsistsof lines startingwith the keywords ALGORI THM (resp.GENERATOR),
| NCLUDE: , NAVE: , HELP: andtheoptionalkeyword NOCHECK (in caseof analgorithm).

After keyword ALGORI THM(resp.GENERATOR) thenameof thealgorithmis specified Again, after
keyword | NCLUDE: the nameof theincludefile is given. Keyword NAME: indicatesthe nameof
the algorithmasit is displayedin the graphicaluserinterface of PlaNet. The nameafter keyword
HELP: defineshe nameof the documentatiofile for the algorithm. Thetext in this file will appear
ashelptext in PlaNet. By default, beforean algorithmis called, the currentinstanceis checled on
beingfeasible. This is doneby a call of the check routineof the problemclassthe algorithmwas
implementedor. Thiscallis avoidedif thedescriptiorof thealgorithmendswith keyword NOCHECK.

FigureB.7 in AppendixB shavs an exampleof acl asses. def file. There,the setof problem
classesonsistsof the classeq s, t)—Planar Menger Problem(cf. Section6.1.3), Menger Problem
andall baseclasseghereof. The setof algorithmsonly consistof the (s,t)—PlanarMenger Algorithm
to solethe (s, t)—PlanarMenger Problem andthe Edge—DisjointMenger Algorithmandthe Vertex—
Disjoint Menger Algorithmto solve the Menger Problem As ageneratofor theMenger Problem) the
algorithmGeneate Randominstancefor Menger Algorithmis invoked. In this example,checksfor
feasibility of theinstancesareonly carriedout beforecalling the Vertex—Disjoint Menger Algorithm
andthe (s,t)-PlanarMenger Algorithm

6.3.2 Theformat of | ocal / Confi g

In orderto generatenown executabletheConf i g file alsohasto bemodified.In thisfile themake

variableLOCAL _OBJS canbeset. LOCAL _(OBJS mustcontainall additionalobjectfiles thatareto

belinkedinto the PlaNetexecutablejf thisvariableis notsetcorrectly thelinkerwill complainabout
“undefinedsymbols”or thelike.

Figure6.2 shavs anexampleof a Conf i g file for onelocal algorithmcallednenger _s t _pl a-

nar _al gorit hm cc, which operateson a graphclasscallednmenger _s_t _pl anar (cf. Sec-
tion 6.1.3). The sourcecodefor this algorithmis locatedin the directory/ ny/ | ocal / hone/ -

src/ pl anet/ | ocal ,asdeclaredn file cl asses. def of FigureB.7.
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6.3.3 Generation of the executable

All that remainsis to compile the code and do the linking accordingto the information given in
thefiles cl asses. def andConfi g. Thisis doneby usingthe make featureand appropriate
Makef i | es whichscanthegivenfiles (for example,see[OT93] for adetaileddescriptiorof make).
It is eitherpossibleto usethe default Makef i | e thatcomeswith the packagepr to write anown,
local Vakefil e.

TousethedefaultMakef i | e typermake in thelocal sourceslirectoryandnake will recursento all
subdirectoriesisspecifiedn Conf i g, andtry to compilethe codethereby usingadefaultrule. It is
alsopossibleto carryoutonly partsof thelinking by calling mak e togethemwith a speciatamget. See
AppendixC.2 (andin particularParagraptpl anet / conf i g/ Makefi | e)for alist of thesdamgets
andmoreinformationaboutMakef i | es thatarebuiltin in PlaNet.

Whenwriting anown, local Makef i | e, the pathto MakePat hs hasto be specifiedin the header
Thefile MakePat hs shouldbein the PlaNethomedirectory

Anyway, if aMakefi | e is placedin alocal sourcedirectory this onewill be usedwhengenerating
anexecutable.
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Appendix A

An exampleof a PlaNetlog file

FigureA.1 displaysthe PlaNetlog file (cf. Section2.1.5)of the PlaNetexamplesessiorasdescribed
in Section2.3.
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pl anet: 1 oggi ng nessages to pl anet-1o0g. 2249

pl anet: probl em nane: Menger Problem

pl anet: new i nstance path: /hones/conbi/neyer/planet/instances/
pl anet: '/ hones/ conbi/neyer/pl anet/instances/ nenger/ men30’ read.
pl anet: algorithm1l: Vertex-Di sjoint Menger Al gorithm

pl anet: delay set to 200nsec.

pl anet: running 'Vertex-Disjoint Menger Algorithm...
The foll owi ng paths were conput ed:
path 1: [11][17][7][18][24][16]
path 2: [11][2][8][12][20][4][29][6][9]
[1][15][16]
path 3: [11][13][0][19][ 16]
path 4: [11][5][10][21][ 16]
Nurmber of paths: 4

Sat ur at ed Nodeseperator: [17][20][0][5]
pl anet: ' Vertex-Disjoint Menger Al gorithm finished.

pl anet: randominstance generator call ed.

planet: '/tnp/.P_AAAa02249" written.

pl anet: al gorithm 2: Edge-Di sjoint Menger Al gorithm
pl anet: switched to 2 wi ndow node.

pl anet: running 'Vertex-Disjoint Menger Algorithm...
The follow ng paths were conput ed:

path 1: [0][218][19][11][6][9]

path 2: [0][214]1[12][15][17][13][9]

path 3: [O][4][5][1][16][9]

Nurmber of paths: 3

Sat ur at ed Nodeseperator: [18][12][16]
pl anet: ' Vertex-Disjoint Menger Al gorithm finished.

pl anet: runni ng ' Edge- Di sj oi nt Menger Al gorithm ...
1 path: [0][18][19]1[11][6]1[9]

2 path: [O0][24][18][7][211]]9]

3 path: [O][4][1][12][15][17][13][9]

4 path: [0][10][3][16][9]

Nurmber of paths: 4

pl anet: ' Edge-Di sjoint Menger Al gorithm finished.

FigureA.1: A PlaNetlog file of theexamplesession
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Appendix B

Examplesfor the generationand
Integration of new classesand algorithms

This chaptercontainsthe files that have beenusedto illustrate the designand implementationof
new classesandalgorithmsin Chapter6. In Section6.1.2,a classf 0o. def hasbeendefinedasan
exampleof the useof the makecl| ass feature. FiguresB.1 and B.2 now presentthe outputfiles
f 0o. h andf oo. cc of thecommandrekecl ass f oo. def.

FiguresB.3andB.4 shav theheadefile andtheimplementatiorfile of theclass(s, t)-PlanarMenger
Problem(callednenger _s_t _pl anar ) of Section6.1.3.This classhasbeenderivedfrom scratch
withoutusingnakecl ass.

In Section6.2, the algorithm (s,t)—PlanarMenger Algorithm hasbeendescribed.FiguresB.5 and
B.6 shaw its headerand implementatiorfile. It is callednenger _s_t _pl anar _al gorithm
internally

FigureB.7 shavs anexampleof acl asses. def file asit is describedn Section6.3.1.
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#i f ndef __foo_h__
#define _ foo_h__

[l file: foo.h
/1l Code for class foo generated by makecl ass

#i ncl ude "bar. h"
#i ncl ude "gl onpf. h"

class foo :
virtual public bar,
virtual public gl onpf

/1 indices for accessing paraneters
int _node_excess_i ndex;

i nt _node_cap_i ndex;

int _edge_cap_i ndex;

i nt _graph_source_i ndex;

i nt _graph_forbi dden_i ndex;
int _graph_target_index;

public:

/] constructor & copy constructor
foo();

foo(const foo& G ;

/1 paraneter access functions

fl oat get_excess(node v);

voi d set_excess(node v, float value);

fl oat get_cap(node v);
voi d set_cap(node v, float val ue);

float get_cap(edge e);
voi d set_cap(edge e, float value);

node get _source();
voi d set_source(node val ue);

| i st <node>& get _forbidden();

node get _target();

voi d set_target(node val ue);
b

#endi f

FigureB.1: Filef 0o. h
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/1 file: foo.cc
/1l Code for class foo generated by makecl ass

#i ncl ude "foo. h"

/] constructor & copy constructor

foo::foo() {
_node_excess_i ndex = new_node_fl oat _par ("excess", 0);
_node_cap_i ndex = new_node_fl oat_par("cap", 1);
_edge_cap_i ndex = new_edge_fl oat _par("cap", 1);
_graph_source_i ndex = new_graph_node_par ("source", 1);

_graph_forbi dden_i ndex = new_graph_nodel i st_par ("forbi dden",

_graph_target_i ndex = new_graph_node_par("target", 1);

}

foo::foo(const foo& G {
_node_excess_i ndex = G _node_excess_i ndex;
_node_cap_i ndex = G _node_cap_i ndex;
_edge_cap_i ndex = G _edge_cap_i ndex;
_graph_source_index = G _graph_source_i ndex;
_graph_forbidden_i ndex = G _graph_f orbi dden_i ndex;
_graph_target_index = G _graph_target_index;

}

/'l node paraneters...
float foo::get_excess(node v) {
return node_fl oat_par(v, _node_excess_index);

}

voi d foo::set_excess(node v, float value) {
node_f | oat _par (v, _node_excess_i ndex) = val ue;

}

float foo::get_cap(node v) {
return node_float_par(v, _node_cap_i ndex);

}

voi d foo::set_cap(node v, float value) {
node_f | oat _par (v, _node_cap_i ndex) = val ue;

}

46

0);



/| edge paraneters..
float foo::get_cap(edge e) {
return edge_fl oat_par(e, _edge_cap_i ndex);

}

voi d foo::set_cap(edge e, float value) {
edge _float _par(e, _edge_cap_index) = val ue

}

/1 graph paraneters...
node foo::get_source() {
return graph_node_par (_graph_source_i ndex);

}

voi d foo::set_source(node val ue) {
gr aph_node_par (_graph_source_i ndex) = val ue

}

| i st<node>& foo::get_forbidden() {
return graph_nodelist_par(_graph_forbi dden_i ndex);

}
node foo::get_target() {
return graph_node_par (_graph_target_index);

}

voi d foo::set_target(node val ue) {
graph_node_par (_graph_t arget _i ndex) = val ue;

}

FigureB.2: Filef 0o. cc
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//*'k*******'k*********'k*****'k*'k*******'k**'k********'k****'k*************************
//*'k*******'k*********'k*****'k*'k*******'k**'k********'k****'k*************************

//******************************************************************************

I/ Name of the class: nenger_s_t_planar

[l Author: Gabriele Neyer

/] Date: 25.03.96

I

/] About the class:

/1 The (s,t)-planar Menger Probl em

I

/1 Let G be an undirected planar graph with two specified
/] termnals s and t on the outer face

/'l The (s,t)-planar Menger Problemis to find nmaxi mum nunber
/1 of internally vertex/edge-disjoint paths between s and
/Il t in G

I

/1 The class nenger_s_t_planar is nodeled as a direct

/1 descendant of class Menger.

/'l The graphs of this class have one net with two terninals
/Il s and t. The s and t have to lie on the outer face

/'l These properties can be checked by the check-routine

/] of the problem class.
//******************************************************************************

//******************************************************************************

//**************************************'k********'k****'k*************************

#i fndef __nenger_s_t _planar_h__
#define __nenger_s_t _planar_h__

#i ncl ude "nmenger. h"
class nenger_s_t_planar : virtual public nenger
{

public:

/'l constructor & copy constructor

nmenger _s_t_planar() {};

nmenger _s_t_pl anar (const nenger_s_t_planar& G :nenger(Q{};

/'l checks if s lies on the outer face and calls ::nenger.check(G
virtual bool check();

I
#endi f

FigureB.3: Filenrenger _s t _planar. h
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//******************************************************************************
//******************************************************************************

//*'k*******'k*********'k*****'k*'k*******'k**'k********'k****'k*************************

/1 Nanme of the class: nenger_s_t _planar

/1 Author: Gabriele Neyer

/| Date: 25.03.96

/] Mbdifications:

/1l For a short description of the class see corresponding ".h"-file.

//***********************************************'k****'k*************************
//******************************************************************************

//******************************************************************************

#i ncl ude "menger_s_t _planar. h"

/'l checks if s lies on the outer face and calls ::nenger.check(G
bool menger_s_t _pl anar:: check()

{
i f(!menger::check())
return fal se;

/1 determine s-termnal (first termnal of the first net of G
node s = first_net()->first();
edge e;
foral |l _adj _edges(e,s, *this) /1 s has to ly on the outer face
if (left_face_id(e)==(int)OUTER FACE || right_face_id(e)==(int)OUTER_FACE)
return true;

return fal se;

FigureB.4: Filemenger _s_t _pl anar. cc
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//*'k*******'k*********'k*****'k*'k*******'k**'k********'k****'k*************************
//******************************************************************************

//*'k*******'k*********'k*****'k*'k*******'k**'k********'k****'k*************************

/] Name of the algorithm menger_s_t_planar_al gorithm
[l Author: Gabriele Neyer

/| Date: 25.03.96

11

/1 About the algorithm

/] Menger-s-t-planar Al gorithm

11

/1 a maxi mum nunber of internally vertex-disjoint paths
/] between s and t is determined by right first search
/'l whereby s and t lie on the outer face of graph G

//******************************************************************************
//**************************************'k********'k****'k*************************

//****************************************************'k*************************

#i fndef _ _nmenger_s_t _planar_algo_h__
#define __menger_s_t_planar_algo_h__
#i ncl ude <menger_s_t_pl anar. h>

int menger_s_t_planar_al gorithm nenger_s_t_planar& G ;

#endi f

FigureB.5: Filenenger _s_t _pl anar_al gori thm h
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//*'k*******'k*********'k*****'k*'k*******'k**'k********'k****'k*************************
//*'k*******'k*********'k*****'k*'k*******'k**'k********'k****'k*************************

//******************************************************************************

I/ Name of the algorithm menger_s_t_planar_al gorithm
/] Author: Gabriele Neyer

/| Date: 25.03.96

/] Modifications:

/| For a short description of the algorithmsee corresponding ".h"-file.
//******************************************************************************

//**************************************'k********'k****'k*************************

//**************************************'k********'k****'k*************************

#i ncl ude "menger_s_t _pl anar_al gorithm h"
#i ncl ude <qui _utils. h>
#i ncl ude <LEDA/ array. h>

/] starting at a given edge prev a path froms to t is searched
/1 by the right first search method, only using unvisited nodes.
i nt next_path(node s, node t, edge prev,

node v, path P, node_array<int>& visited,

xgraph& G)
{
node w;
int found = O;
edge succ = G cyclic_adj_succ(prev, v); // next counterclockw se edge to prev
do
if((w=G target(succ))==v) /1 determine source and target of succ
w=G. sour ce(succ);
if(w==1) /Il (s,t)-path found
G append(P, succ);
return 1;
}
i f(w==s)
return O;
i f(visited[w ==0) /1 node wis unvisited
vi sited[w =1;
G append(P, succ); /| append succ to path P (forward step)
Il recursive call of procedure next_path
found = next_path(s, t, succ, w, P, visited, G);
if (!found ) /1 path has not reached target
G del ete_| ast _edge(P); // backtrack step
el se return found;
}
el se
succ = Gcyclic_adj_succ(succ, v); // next counterclockw se edge to prev
}whil e(succ! = prev && !found);
return found;
}
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/1 sinple right first search: a nmaxi num nunber of paths in G
/1l froms tot is conputed.
void right_paths(node s, node t, edge start,

node_array<i nt>& visited,

xgraph& G
{
edge e, first;
node w,
path P;
vi si ted[ s] =1; /!l mark s as visited
e = start;
do
{
P = Gcreate_path(s); /1 create new path
if((w=Gtarget(e))==s) /1 determ ne next node
w=G source(e);
G append(P, e);
if(w=t) /1 el=(s,t)
i f(visited[w ==0)
visited[w = 1;
/1 conpute next path
int ret = next_path(s, t, e, w, P, visited, Q;
if(lret)
{
G del ete_path(P); /1 path returned to s
return;
}
}
}
/1 determ ne next edge that is adjacent to s in counterclockw se order
}while ((e = Gcyclic_adj_succ(e,s))!=start);
}
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/1 As many internally vertex-disjoint paths between s and t as possible
/1 are found, whereby both termnals lie on the outer face.
int menger_s_t_planar_al gorithm nenger_s_t_planar& G
{
node s, t;
edge start, f;
node_array<int> visited(G 0); // (LEDA-)node_array

/'l determne termnals s,t
net *the_net = Gfirst_net();
the_net->init_iterator();
the_net->next _termnal (s);
the_net->next _termnal (t);

/1 determine start edge as the next edge on the outer face.
forall _cc_adj_edges(start,s, Q
{
// is start on outer face?
if((int)Gleft _face_id(start) == (int)OUTER_FACE
|| (int)Gright_face_id(start) == (int)OUTER_FACE)
{
/1 is the edge next to start on outer face?
f = start;
G next _adj _pl anar _edge(f, s);
if((int)Gleft_face_id(f) == (int)OUTER_FACE
|| (int)Gright_face_id(f) == (int)OUTER_FACE)
{
start = f;
br eak;
}
el se
br eak;
}

}
/] compute paths ...

right_paths(s, t, start, visited, G;
return 1;

FigureB.6: Filenrenger _s t _pl anar_al gorithm cc
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#header:
TOP: [ net/ pl anet/ pl anet
LOCAL_SRC:. [/ ny/local/hone/src/planet/l ocal

#definition of classes and algorithns
CLASS xgr aph

I NCLUDE: xgraph. h

NAME: General Net Graph Problem

I NSTANCES: xgr aph

HELP: src/classes/|ibXd xgraph. hl p

#enpty set of algorithnms and generators for the xgraph problem
END

CLASS bounded_net si ze_graph: xgraph

I NCLUDE: bounded_net si ze_graph. h

NAME: Net Graph Probl em (bounded nunber of termnals per net)
I NSTANCES: bounded_net si ze_gr aph

HELP: src/cl asses/|ibpgraph/ bounded_netsi ze_graph. hl p

#enpty set of algorithnms and generators
END

CLASS bounded_n_net s_graph: xgraph

I NCLUDE: bounded_n_nets_graph. h

NAME: Net Graph Probl em (bounded nunber of nets)

I NSTANCES: bounded_n_net s_graph

HELP: src/cl asses/|ibpgraph/ bounded_n_nets_graph. hl p

#enpty set of algorithnms and generators
END

CLASS nenger: bounded_netsi ze_graph bounded_n_nets_graph
I NCLUDE: nmenger. h

NAME: Menger Probl em

I NSTANCES: nenger

HELP: src/cl asses/|ibpgraph/ menger. hlp

ALGORI THM vert ex_di sj oi nt _nenger

I NCLUDE: vertex_disjoint_menger. h

NAME: Vertex Disjoint Menger Algorithm

HELP: src/al gorithms/ menger/vertex_disjoint_menger. hlp
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ALGORI THM edge_di sj oi nt _nmenger

I NCLUDE: edge_di sj oi nt _nmenger. h

NAME: Edge Di sjoint Menger Algorithm

HELP: src/ al gorithns/ menger/edge_di sj oi nt _nmenger. hl p
NOCHECK

GENERATOR r andom _nenger _exanpl e

I NCLUDE: random nenger_ex. h

NAME: Generate Random | nstance for Menger Al gorithm
HELP: src/ al gorithms/ menger/random nmenger_ex. hlp

END

CLASS nenger_s_t_planar : nenger

I NCLUDE: nmenger _s_t_planar.h

NAME: (s,t)-Planar-Menger Probl em

I NSTANCES: nenger _s_t_pl anar

HELP: nenger _s_t _planar/ nenger_s_t _planar. hlp

ALGORI THM nmenger _s_t _pl anar _al gori t hm

I NCLUDE: nenger_s_t_planar_al gorithmh

NAME: Vertex-Disjoint Menger-(s,t)-Planar Al gorithm
HELP: nenger _s_t _planar/nmenger_s_t _planar_algorithmhlp

END

FigureB.7: An exampleof file cl asses. def
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Appendix C

Inter nals

This chaptercomprisesinformation aboutthe internal structureof PlaNetasit is currentlyimple-
mented Here,in particular thedirectorystructurethe Makef i | es, andtheinternalstructureof the
basicclassGenenl NetGraphproblemis described.

C.1 PlaNetdirectory structure

The internaldirectorystructureof PlaNetis shavn in FigureC.1. The homedirectoryof PlaNetis
calledpl anet . It containsaalink to the PlaNetexecutablea README file, andthefile MakePat hs
in which all pathsto the includedlibrariesandincludefiles aredefined. Furthermorepl anet has
thesubdirectorie®i n, confi g,src,l i b, andi nst ances.

bi n: Theexecutablepl anet andmakecl| ass arestoredin this subdirectory

confi g: Thissubdirectorcontaingverythingthatis necessarfor theconfiguratiorof PlaNet.For
example,thethreeconfigurationfilescl asses. def , Confi g, Makefi | e, andthelibrary

‘ i nst ances

‘ al gorithns ‘ ‘ cl asses ‘ ‘ gd ‘ ‘ gui ‘ ‘ i ncl ude ‘ ‘ y

e

[iioparepn ] [11bow ]

FigureC.1: PlaNetdirectorystructure
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I i bconfi g. aresidehere(cf. Section6.3).

i b: Linksto all PlaNetlibrariescanbefoundhere.

i nst ances: Thissubdirectorycompriseghelibrariesfor thebuilt-in instancesFor eachproblem

classthereis a subdirectorywherefeasibleinstancedor this classarestored.The nameof the
instancesubdirectoryis the sameasthe namedefinedafter the keyword | NSTANCES in the
correspondingectionof cl asses. def (cf. Section6.3).

The subdirectorysr ¢ comprisesall PlaNetsourcefiles — exceptfor configurationstuf. It
containghesubdirectoriesl gori t hns, cl asses, gd, gui ,i ncl ude, andy.

al gorithns: All algorithmsthatare currentlyintegratedinto PlaNetare storedin one of
the subdirectoriesf this directory

cl asses: The subdirectorycl asses comprisesthe sourcecodefor the currently avail-

ablegraphclassesandthe graphwindow class.It containsthreesubdirectories| i bXG,

['i bpgraph,andl i bGW

i bXG Theimplementatiorof the classGeneal NetGraphProblem internally called
xgr aph, canbefoundhere.All problemclasse®f this directorybuild the skeleton
of classxgr aph (seeAppendixC.3 for a more detaileddescriptionof this class).
Theobjectfiles herebuild upthelibrary | i bXG. a.

I'i bpgraph: Here,theimplementatiorof all problemclasseshat are currentlyinte-
gratednto PlaNetcanbefound. Theobjectfilesbuild upthelibraryl i bpgr aph. a.

I i bGWN Here,theimplementatiorof the PlaNetgraphwindow classGWN ndow canbe
found.

gd: Here,the sourcef thegi f dr aw library canbe found. The gif outputroutinesof the
graphwindow usethesemethods.

gui : Thissubdirectorycontaingheimplementatiorof the graphicaluserinterface.Its object
files build upthelibrary | i bgui . a.

i ncl ude: Thisdirectorycontainglinks to all includefiles. Thelinks to algorithmsthatare
currentlyintegratedinto PlaNetare collectedin a subdirectoryal gos. In orderto add
moreheadefiles, edittheMakef i | e to generata link to theheadefiles.

y: Theimplementatiorof the grapheditor and someother extractsof the Y—projectcanbe
foundhere[KLM T93].

C.2 About Makefiles

As describedn Section6.3.3,the actualgeneratiorof alocal versionof PlaNetis doneby usingthe
mak e featureandappropriatévbkef i | es. Seefor examplein [OT93] for theuseof of make. Here,
the built-in Makef i | es andtheirtagetsaresummarizedriefly. Readalsothe manualpagefor a
detaileddescriptionof malefiles.

Most PlaNetsourcedirectorieshave an own Makefi| e. The following givesa list of the main
importantavailable compilationcommandgtagets). In orderto executeone of thesetagetsjust
entermake <t ar get >. Onetametthatis offeredby mostMakef i | es isdepend. It canbeused
to checkall dependencieis the correspondingubdirectoriegby a call to makedepend).
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pl anet/ confi g/ Makefil e
Thisfile is usedto createa local versionof PlaNetasdescribedn Section6.3.3.

pl anet: Generateghe PlaNetexecutableby creatingthe local library | i bconf i g. a andthen
linking all sourcegogether

confi g: Createheconfiguratiorfilesal gorit hnms. h,graphCont . cc,graphd asses. h,
gr aphd assl ds. h, andset up. cc. Thecommandrake confi g mustbe calledfirst
eachtime aftereditingthefilescl asses. def orConfi g.

i b: Createthelocallibraryl i bconfi g. a.

| ocal - obj s: Generataill local objectfiles asdescribedn thelocal Conf i g file andthe config-
urationobjectsset up. o andgr aphCont . o.

cl ean: Remaweall local objectfiles.

why: Printall filesthathave to beremadeandthereasonwhy, i.e. it is indicatedwhichfile thatthe
tamgetdepend®n have changed.

pl anet/ Makefil e
This file hasbeenusedto createthe currentversionof PlaNet. All PlaNetsourcesarecompiledand
thePlaNetexecutablds generated.

wor | d: Createthe PlaNetexecutableby executionof the malkefile tamgetsi ni t , depend, | i bs,
andpl anet .

i ni t: Createall symboliclinks.

| i bs: Createthe libraries| i bGW a, | i bXG a, | i bpgraph. a, |i bal go. a, |'i bgui . a,
l'i bnogui . a,libconfig.a,liby.a,andlibgd. aintheordergivenabore.

pl anet: CreatethePlaNetexecutable.

cl ean: Remaethelibrariesandall objectfiles of all subdirectories.

pl anet/src/cl asses/ | i b{XG pgraph, GN/ Makefi | e,and

pl anet/src/ {gd, y}/ Makefil e

Thesdfiles canbeusedto createthelibrariesl i bXG a,| i bpgraph. a,l i bGWN a,l i bgd. a,and
| i by. a, respectiely.

i b: Compileall sourcefilesin this directoryandcreatethe correspondingdjbrary.
pl anet/src/al gorithns/ Makefile
Thisfile is usedto createthelibrary of all algorithms.

I i b: Compileall algorithmsandcreatethelibrary | i bal go. a.

cl ean: Remaethelibraryl i bal go. a andall objectfilesin all subdirectories.
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UGRAPH

!

quad_gr aph

!

ngr aph

!

par am gr aph

!

net _gr aph

!

xgr aph

FigureC.2: Derivationhierarchyof classxgr aph

pl anet/src/ gui/ Makefile
Thisfile is usedto createthe PlaNetexecutablewithin this directory

pl anet : Createthe PlaNetexecutable.
| i bs: Createall librariesin theordergivenbelow.

i bGW a,libXG a,libpgraph. a,libal go.a,libgui.a,libnogui.a,
i bconfig.a: Createthecorrespondingjbrary.

C.3 The skeletonof classxgr aph

The classGeneal Net Graph Problem calledxgr aph, is build stepby stepfrom the LEDA class
UGRAPH. FigureC.2shavs thederivationhierarchy An arcrepresentan'is a"—relationbetweerthe
classes.Differentfeaturesof classxgr aph areembeddedn differentsubclassesWe now give a
brief descriptionof theseclasses:

LEDA UGRAPH: LEDA graphclassfor undirectedgraphs.

quad_gr aph: Planamgraphclass.Thegraphsn theproblemclassenforceafixedembeddingn the
plane.SeealsoAppendixG.7 for amoredetaileddescriptionandanexample. The graphclass
is a slightly modifiedimplementatiorof [GS8Y. By the methodsdescribedheretheinsertion
anddeletionof anedgetake O(1) time.
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For eachedge theadjacenhodesandfacescanbedeterminedFurthermorefor eachnode the
edgesareorderedaroundthenodeaccordingo theirembeddingFor eachinsertionor deletion,
the faceidentifiersof the correspondindaceof the edgeareupdated.This is doneby visiting
all edgesof theformerface.

ngr aph: The graphsin this problemclasscan have directedor undirectededges. In addition, a
graphcanhave virtual edgesandvirtual nodeswhich mustnotfulfill the planarityconditionof
thegraph.Graphsof this classcanalsocontainpaths.

par am _gr aph: Within this graphclass,parameter®f derived classeson nodes,edgesandthe
graphitself are managed.SeeSection6.1.1for more detailedinformation. This graphclass
offersa comfortableway of constructingandintegratingnew classesandalgorithms.

net _graph: A graphin thisclasscanhave nets.A netis simply a setof nodes.Therearevarious
functionsimplementedor the creationandmanipulatiorof nets.

xgr aph: An objectof this classcanhandlean X—Window (GWN ndow). A color canbe assigned
to eachnodeand edge. Pathsand netsare coloredautomatically SeeChapter3 for further
information.
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Appendix D

Format of the PlaNetresourcefile
. pl anetrc

The PlaNetresourcsfile . pl anet r c is the configurationfile for the display of the graphsin the
PlaNetgraphwindows. In it thevaluesfor the nodewidth, theline width andthe colorsthatareused
by PlaNetarestored.PlaNetalwaysusesheresourcdile of the currentworking directory or if none
existsthereof the users homedirectory Therespectie directoryis alsousedwhenthe configuration
is saved (seemenuitem File/Save Settings Section2.2.2).If noresourcedile is foundatall, default
valuesareusedandanew resourcdile is createdn theusers homedirectory(seealsoSection2.1.4).

If the currentdisplay of the graphsis not appropriatesucha configurationfile canbe createdn the
currentworking directoryandthevaluescanbe changedaccordingly But obsere thatthefile format
alwayshasto be keptconsistent.Thereis no built-in consisteng check! It is alsopossibleto adjust
the configurationvaluesonline usingthe correspondindeaturesof the menu-itemFile in the main
menu(seeSection2.2.2).

Theconfiguratiorfile hasthefollowing structure In thefirst two linestwo integervaluesareexpected
indicatingthe nodeandline width, respeciiely. A nodewidth of about10 andaline width of about2

areadvisable Then,the colorsaredefinedby first giving a numberr indicatingthe numberof colors
(includingthebackgroundanddefault color). After thatn linesareexpectedgachconsistingof three
integersdefininganrgb—color Seethe rgb manualpagefor detailedinformationof the color name
databaseThefirst color describeshe backgrounctolor, andthe seconctolor is the default color for

nodesandedgesof thegraphwindow. FigureD.1 shavs anexample.
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10

4

24

65535 65535 65535
32639 32639 32639
65535 0 O

0 0 52685

0 65535 0

65535 5140 37779
65535 42405 0
65535 0 65535

0 50629 52685
8738 35723 8738
61166 61166 O
12850 52685 12850
35723 0 0

0 49087 65535

0 65535 65535
52685 34181 16191
0 0 35723

47802 21845 54227
0 64250 39578
52685 52685 0
53456 8224 37008
33667 35723 35723
52685 0 O

31354 14135 35723

FigureD.1: Exampleof file . pl anetrc
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Appendix E

Format of the graph description file

PlaNetoffers the featureto edit the files in which the instancesare storedusing a specialinternal
format(seeSection2.2.4,menuitem Edit Graph Description). This formatis describedn detailin
this chapter But, noticethatthereareno routinesbuilt in PlaNetthattestthefiles on consisteng after
changing.So be very carefulwhenusingthis featureor editing an instancefile from the outsideof
PlaNet.

The generalinstancefile consistsof keywords possiblyfollowed by numbersandcomments.Key-
wordsbegin with $, commentsareindicatedby #. Thefirst keyword in thefile is $PARAM GRAPH.
Then,theinstanceis definedby six consecutie blocksindicatingthe setof nodesthe setof edges,
thegraphparameterghe nodeparameterghe edgeparameterandthe nets,respectiely.

The block for the setof nodesstartsby the keyword $NODES followed by the numberof nodes
n. After that, n lines are expected,eachcontaininga distinct nodenumbey an x—coordinateanda
y—coordinate.

Thereafterkeyword $EDGES with the numberof edgesm is expected,againfollowed by m lines.
Eachline containsanedgenumberthe numberof thetwo nodegshatareconnectedy theedge and
atagindicatingwhetherthe edgeis undirectedtag u) or directedfrom thefirst to the secondnode
(tagd).

Then,the keyword $GRAPH_PARANMS indicatesthe definition of the graphparametersThis is done
by first defining the typesof the parametersand their namesand then giving their values: Key-
words$i nt: , $f | oat : , $node: , $edge: ,$intlist:,$floatlist:,$nodelist:, and
$edgel i st: haveto follow line by line, definingthe parametersf the specializedype of thein-
stance For example for aninstanceof a problemclasswhich hastwo nodesasgraphparameterghe
namesof the parametersiave to follow keyword $node: . Below keyword $val ues, thevaluefor
eachgraphparametetypeis expectedn the ordergivenabove. Valuesof thesametypeareseparated
by blanks valuesof differenttypesareseparatethy newlines.

Theblock for the definition of the nodeparameterss startedoy the keyword $NODE_PARAMS. The
declaratiorof thenamesandvaluesworksasabove. Thevaluesfor eachnodeparameteareexpected
for every nodeseparatelybeginningwith nodenumberzero.

Thefollowing keyword is $EDGE_ PARANMS startingthe block for the definition of the edgeparame-
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ters. It hasthe sameformatastheblock for thenodeparameters.

Finally, keyword $NETS with the numberof netsk is expected.Thereafterk lines(oneline for each
net)areexpectedwith thenetnumberandthe nodenumberf thenodesof thenet.

The bestway to understandhe file formatis to have a look at an example. The graphdescription
file of Figure E.1 belongsto a problemclasswhich hastwo graphparametersa nodewith name
sour ce andanodewith namet ar get . Everynodehastwo floatparametersalledcap andcost ,

respectiely. Every edgehasonefloat parametecalledcap andalist of floatscalledval ues. The
graphhasonenetof threenodes.

$PARAM_GRAPH

$NCDES 4

# node_nunber xcoord ycoord
0 10 20

1 10 30

2 40 40

3 40 10

$EDGES 4
# edge_nunber from to directed(d)/undirected(u)
001

WN P
OoON PP
W wnN
c ccc

$GRAPH_PARAVG

$int:

$f | oat :

$node: source target
$edge:

$intlist:
$floatlist:
$nodel i st :
$edgel i st :

$val ues:
13 # source node: node 1, target node: node 3
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$NODE_PARAVS
$int:

$fl oat: cost cap
$node:

$edge:

$intlist:
$floatlist:
$nodel i st :
$edgel i st :

$val ues:
6 3
10 1

o A

3
2
$EDGE_PARANG
$int:

$fl oat: cap
$node:
$edge:
$intlist:
$floatlist: val ues
$nodel i st :
$edgel i st:
$val ues:

2

2.0 4.3 6.5
3

5,06.27.08.9
3

0
9876

$NETS 1

#node
#node
#node
#node

#edge O

#edge 1

#edge 2

# net_num nodel node2 ...

0012

0 has
1 has
2 has
3 has

has
and
has
and

has

cost
cost
cost
cost

cap 2

6 and cap 3
10 and cap 1
3 and cap 4
2 and cap 8

alist of float-values: 2.0, 4.3, 6.5

cap 3

a list of float-values:

an enpty list of float val ues.

#one net with three nodes

FigureE.1: An exampleof agraphdescriptiorfile
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Appendix F

BasicAlgorithms

TableF.1 givesasummaryof thebasicgraphalgorithmscontainedn PlaNet. Thesecanbeusedin the
developmentof new algorithmsasdescribedn Section6.2. Therefore,in orderto useanalgorithm
Xyz, justincludethe correspondindneadeffile <pl anet / al gos/ xyz. h>. For a moredetailed
descriptionof the particularalgorithmseeChapterst and>5.
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Appendix G

Xgraph methods

This chaptercomprisesa descriptionof the methodsof classxgr aph. For a betteroverview, these
methodsaredividedinto logical sections For example,methodson pathscanbefoundin subsection
Paths methodson netsin subsectiorNets and so on. The methodsare divided into Public and
Protectedmethodsif bothoccur otherwiseall methodsarepublic by default. In eachsubsectionthe
availablemethodsareclassifiednto methodghatupdatethegraph justaccessnformationor iterate
on the graphstructure. Datastructuredike point or sgmentdescendrom LEDA. See[MN95] for
a usermanual. Sinceclassxgr aph is a descendandf LEDA classUGRAPH the methodsof these
classeganalsobeused(e.g.furtheriterators,see[MN95]).

Throughoutall methodswe identify an undirectededgewith uedge a directededgewith dedge

andbothwith edge. A virtual edgeis denotedvith vedge, anddoesnot have to fulfill the planarity
condition. Analogously adjacentedgedo a virtual nodevnode do not have to fulfill the planarity
conditiontoo.

G.1 Constructors, destructors, operators
Thefollowing methodsreate constructcopy, or destructagraph.
xgraph G

Createaninstanceof typexgr aph. Gis initialized with theemptygraph.

xgraph(const xgraph& QG
Createaninstanceof typexgr aph andinitialize it with xgr aph G

xgraph& operat or =(xgraph& QG
Assignmentrom xgr aph Gto anxgr aph.

xgr aph& oper at or =( GRAPH<poi nt, i nt >& §
Assignmenfrom LEDA GRAPH< point,int> to anxgr aph.

xgr aph& oper at or =( UGRAPH<poi nt, i nt >& QG
Assignmenfrom LEDA UGRAPH<point,int> to anxgr aph.
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G.2 Graph methods

In this subsectionthe basicgraphmethodsas creating/deletinghen nodesor edgesreturningthe
sourceof anedgeetc. aredescribedAll methodsof this sectionarepublic.

Update

void clear()
Returnanemptygraph.

node new node(point& p, void *info = 0)
Insertanew nodewith coordinatep (LEDA point).

node new node(int xcoord, int ycoord, void *info = 0)
Insertanew nodewith coordinategxcoor d,ycoor d).

node new _vnode(void *info = 0)
Inserta virtual nodewithout coordinatesThis nodedoesnot have to fulfill planaritycondition
duringits lifetime.

voi d del node(node v)
Deletenodev andall edgesadjacento v from thegraph.

voi d del _all _nodes()
Deleteall nodegandall edgesyrom thegraph.

edge new_edge(node v, node w, void *info = 0)
Insertanew undirectecedge(v,w).

edge new _uedge(node v, node w, void *info = 0)
Insertanew undirectecedge(v,w).
edge new dedge(node v, node w, void *info = 0)

Insertanew directededge(v,w).

edge new_mult _edge(node v, node w, void *info = 0)
Insertanew undirectecedge(v,w).
Preconditionatleastoneedge(v,w) alreadyexists.
Thenew edgebecomeshe next edgeafterthe existing edgein the adjacenyg list of nodev.

edge new_mult _uedge(node v, node w, void *info = 0)
Samefunctionasabove.

edge new nmult_dedge(node v, node w, void *info = Q)
Samefunctionasabove for adirectededgefrom nodev to nodew.

edge new vedge(node v, node w, void *info = 0)
Inserta new virtual undirectededge(v,w). This edgedoesnot have to fulfill the planarity
condition.
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edge new vuedge(node v, node w, void *info = 0)
Samefunctionasabove.

edge new vdedge(node v, node w, void *info = 0)
Samefunctionasabove for a directededgefrom nodev to nodew.

voi d del _edge(edge e)
Deleteedgee from thegraph.

voi d del _all _dedges()
Deleteall directededgedrom thegraph.

void del _all _uedges()
Deleteall undirectecedgedrom thegraph.

edge rev_edge(edge e)
Replaceedgee in thegraphby its reverseedge.

voi d rev()
Replaceall edgesn thegraphby theirreverseedges.

Access

void *inf() const
Returntheinformationattachedo the graph.

voi d *inf(node v) const
Returntheinformationattachedo nodev.

void *i nf(edge e) const
Returntheinformationattachedo edgee.

poi nt | oc(node v) const
Returnthe coordinate®f nodev asLEDA point.

i nt xcoord(node v) const
Returnthe x—coordinateof nodev.

i nt ycoord(node v) const
Returnthey—coordinateof nodev.

segnment seg(edge e) const
Returnthe LEDA segmentof edgee.

poi nt operator[](node v) const
Returnthe LEDA pointof nodev.

void * operator[](node v)
Returnareferencedoi nf (v) .

void * operator[](edge e)
Returnareferenceoi nf (e) .
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i nt indeg(node v)
Returnthein—degreeof nodev, countinguedgesanddedgeswith targetnodev.

i nt outdeg(node v)
Returnthe out—dgreeof nodev, countinguedgesanddedgeswith sourcenodev.

i nt uedges(node v)
Returnthe numberof undirectecedgesdncidentto nodev.

i nt deg(node v)
Returnthedegreeof nodev, countingall edges.

node source(edge e)
Returnthe sourceof edgee.

node target (edge e)
Returnthetamgetof edgee.

nt id(node v)
Returntheidentificationof nodev.

int id(edge e)
Returntheidentificationof edgee.

bool exists(node v) const
Returntrue, if nodev is anodeof thegraph,otherwisereturnfalse

bool exists(edge e) const
Returntrue, if edgee is anedgeof thegraph,otherwisereturnfalse

bool is_undirected(edge e) const
Returntrue if edgee is undirectedptherwisereturnfalse

bool is_directed(edge e) const
Returntrue if edgee is directed otherwisereturnfalse

bool is_uedge(edge e) const
Returntrue if edgee is undirectedptherwisereturnfalse

bool is_dedge(edge e) const
Returntrue if edgee is directed otherwisereturnfalse

bool is_(node v) const
Returntrue if nodev is anodeof thegraph,otherwisereturnfalse

bool is_(edge e) const
Returntrue if edgee is anedgeof thegraph,otherwisereturnfalse

i nt number of dedges() const
Returnthetotal numberof directededgesdn thegraph.

i nt nunmber of uedges() const
Returnthetotal numberof undirectededgesn thegraph.
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i nt nunmber _of vedges() const

Returnthetotal numberof edgesn thegraph.

node first _node()
Returnthefirst nodeof thegraph.

node | ast_node()
Returnthelastnodeof thegraph.

node succ_node( node v)
Returnthe successonodeof nodev.

node pred_node(node v)

Returnthe predecessanodeof nodev.

edge first_edge()
Returnthefirst edgeof thegraph.

edge | ast _edge()
Returnthelastedgeof thegraph.

edge succ_edge(edge e)
Returnthesuccessoedgeof edgee.

edge pred_edge(edge e)

Returnthe predecessadgeof edgee.

i st <node> al | _nodes()

Returnall nodesof thegraphasa LEDA list<node>.

i st <edge> al | _edges()

Returnall edgef thegraphasa LEDA list<edge>.

i st<edge> al |l _dedges()

Returnall directededgesf thegraphasa LEDA list<edge>.

i st <edge> al | _uedges()

Returnall undirectecedgesof thegraphasa LEDA list<edge>.

i st <edge> adj _uedges(node v)

Returnall incident,undirectecedgesf nodev asaLEDA list<edge>.

i st <edge> adj _dedges(node v)

Returnall incident,directededgesf nodev asaLEDA list<edge-.

Iteration

Thefollowing methodsterateover successie edgeswithout respecto the actualembeddingf the

graph.
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edge adj _succ(edge e, node v)
Returnthesuccessoedgeof edgee incidentto nodev.

edge adj _pred(edge e, node v)
Returnthe predecessagdgeof edgee incidentto nodev.

forall _adj _edges(edge e, node v, xgraph G
Iterateover all edgeghatareincidentto nodev, returnthe currentedgein e.

bool current _adj _dedge(edge& e, node v)
Returnthecurrentdirectededgee incidentto nodev.

bool next_adj _dedge(edge& e, node v)
Returnthe next directededgee incidentto nodev.

forall _adj dedges(edge e, node v, xgraph G
Iterateover all directededgeghatareincidentto nodev, returnthe currentedgein e.

bool current _adj _uedge(edge& e, node v)
Returnthe currentundirectecedgee incidentto nodev.

bool next_adj _uedge(edge& e, node v)
Returnthe next undirectecedgee incidentto nodev.

forall _adj uedges(edge e, node v, xgraph G
Iterateover all undirectecedgeghatareincidentto nodev, returnthecurrentedgee.

The following methodsiterate over successie edgeswith respectto the actualembeddingof the
graph.

void first_adj planar_edge(edge& e, node v)
Returnthefirst edgee incidentto nodev.

voi d current _adj _pl anar_edge(edge& e, node v)
Returnthe currentedgee incidentto nodev.

voi d next _adj pl anar _edge(edge& e, node v)
Returnthe next counterclockwisedgee incidentto nodev.

edge cyclic_adj _succ(edge e, node v)
Returnthe next counterclockwisedgee incidentto nodev.

edge cyclic_adj pred(edge e, node v)
Returnthe next clockwiseedgee incidentto nodev.

forall _cc_adj edges(edge e, node v, xgraph G
Iterateover all edgeghatareincidentto nodev in counterclockwiseorder returnthe current
edgein e.

void first_adj planar_node(node& w, node v)
Returnthefirst nodew adjacento nodev.
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voi d current _adj _pl anar_node(node& w)
Returnthecurrentnodew adjacento nodev.

voi d next _adj pl anar _node(node& w, node v)
Returnthe next nodew adjacento nodev .

G.3 Faces

Takingthe planarembeddingf a graphandremoving all edgesandnodes the planeseparatesmto
faces.All edgesaroundsucha facedefineafacein the graph. The following routineswork on the
facesof thegraph.All methodsof this sectionarepublic.

Access

bool outer_face(edge e)
Returntrue if edgee lies ontheouterface,otherwisereturnfalse

bool sane_face(edge e, edge f)
Returntrue if edgee andedgef have afacein common otherwisereturnfalse

int left face id(edge e)
Returnthefaceidentificationof theleft faceof edgee.

i st <edge> | eft_face(edge e)
Returnall edgesf theleft faceof edgee asaLEDA list<edge>.

int right_face_id(edge e)
Returnthefaceidentificationof theright faceof edgee.

i st<edge> right_face(edge e)
Returnall edgesf theright faceof edgee asaLEDA list<edge>.

Iteration

int first face(list<edge>& L)
Returntheidentificationof thefirst faceof thegraph.

int next_face(list<edge>& L)
Returntheidentificationof the next faceof thegraph.

forall _faces(list<edge> L, xgraph G
Iterateover all facesreturnthe currentfacein L asaLEDA list<edge-.

G.4 Paths

A pathis simply a list of edgesandnodesin which eachtarget of an edgeis the sourceof the next
edgein thatlist. All method=of this sectionarepublic.
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Update

pat h create_pat h(node v)
Createanew LEDA pathwith startnodev.

path create _path(edge e, int reverse = 0)
Createanew LEDA pathwith startedgee andstartnodesour ce(e) .

voi d del ete_path(path P)
DeleteLEDA pathP.

pat h append(path P, edge e)
Appendedgee to theendof LEDA pathP.

pat h append(path P1, path P2)
Concatenatéhetwo LEDA pathsP1 andP2, if theendnodeof P1 is equalto the startnodeof
P2.

path split_path(path P, node v)
Returnthe subpathof LEDA pathP thatstartsatnodev. Returnni | if v is notaninnernode
of P.

path split_path(path P, edge e)
Returnthe subpathof LEDA pathP thatstartswith edgee. Returnni | if e is notanedgeof
P.

pat h del ete_node(path P, node v)
Returnthe LEDA paththat evolves from path P whennodev andall its incidentedgesis
deleted.

voi d del ete_| ast_node(path P)
Deletethelastnode(andedge)from pathP.

void delete first_node(path P)
Deletethefirst node(andedge)from pathP.

pat h del ete_edge(path P, edge e)
Returnthe LEDA paththatevolvesfrom pathP whenedgee is deleted.

voi d del ete_| ast _edge(path P)
Deletethelastedgefrom pathP.

voi d delete_first_edge(path P)
Deletethefirst edgefrom pathP.

Access

bool is_on_path(node v, path P)
Returntrue iff nodev is on pathP.
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bool is first_node(node v, path P)
Returntrue iff nodev is thefirst nodeon pathP.

bool is_|last_node(node v, path P)
Returntrue iff nodev is thelastnodeon pathP.

bool is_on_path(edge e, path P)
Returntrue iff edgee is on pathP.

bool is_first_edge(edge e, path P)
Returntrue iff edgee is thefirst edgeon pathP.

bool is_|ast_edge(edge e, path P)
Returntrue iff edgee is thelastedgeon pathP.

node source(edge e, path P)
Returnthesourceof edgee in respecto pathP.

node target(edge e, path P)
Returnthetamgetof edgee in respecto pathP.

edge i ngoi ng_edge(path P, node v)
Returnthe edgethatis ingoingto nodev on pathP.

int | ength(path P)
Returnthelengthof pathP.

i nt nunber _of _pat hs()
Returnthe numberof pathsin thegraph.

i nt nunmber _of pat hs(node v)
Returnthe numberof pathscontainingnodev.

i nt nunber _of _pat hs(edge e)
Returnthe numberof pathscontainingedgee.

i st <path> all _paths()
Returnall pathsasa LEDA list<path>.

Iteration

path first_path(node v)
Returnthefirst pathcontainingnodev .

pat h next _pat h(node v)
Returnthe next pathcontainingnodev .

path first_path(edge e)
Returnthefirst pathcontainingedgee.

pat h next pat h(edge e)
Returnthe next pathcontainingedgee.

76



path first _path()
Returnthefirst pathin thegraph.

pat h next _pat h()
Returnthenext path.

node first_node(path P)
Returnthefirst nodeon pathP.

node next_node(path P)
Returnthe next nodeon pathP.

node | ast_node(path P)
Returnthelastnodeon pathP.

edge first_edge(path P)
Returnthefirst edgeon pathP.

edge next_edge(path P)
Returnthe next edgeon pathP.

edge | ast _edge(path P)
Returnthelastedgeon pathP.

node succ(path P, node v)
Returnthe successonodeof nodev on pathP.

node pred(path P, node v)
Returnthe predecessanodeof nodev on pathP.

edge succ(path P, edge e)
Returnthesuccessoedgeof edgee on pathP.

edge pred(path P, edge e)
Returnthe predecessaedgeof edgee onpathP.

forall _paths(path P, xgraph G
Iterateover all pathsof graphG, returnthe currentpathin P.

forall _adj paths(path P, edge e, xgraph G
Iterateover all pathsof graphGthatareincidentto edgee, returnthe currentpathin P.

forall _adj paths(path P, node v, xgraph G
Iterateover all pathsof graphGthatareincidentto nodev, returnthecurrentpathin P.

forall path_nodes(node v, path P, xgraph QG
Iterateover all nodesin pathP, returnthecurrentnodein v.

forall path_edges(edge e, path P, xgraph QG
Iterateover all edgesn pathP, returnthecurrentedgein e.
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G.5 Nets

A netis simply a setof nodes A graphcanhave anarbitrarynumberof netswith anarbitrarynumber
of nodes.All methodsof this sectionarepublic.

Update

int add_term nal (node termnal)
Openanew net,insertthenodet er mi nal , andreturntheidentificationof thenet.

bool add terminal (int net_id, node termninal)
Insertthenodet er mi nal into the netwith theidentificationnet _i d, returntrue in caseof

success.

bool del _terninal (int net_id, node terninal)
Deletethenodet er mi nal fromthenetwith theidentificationnet _i d, returntruein caseof
success.

bool del _net(int net_id)
Deletethenetwith identificationnet _i d, returntrue in caseof success.

Access

i nt nunmber _of nets()
Returnthe numberof nets.

i nt net_num(net *net)
Returntheidentificationof thenetnet .

Iteration

void init_iterator(node v)
Initialize theiteratorover all netsthatcontainnodev.

bool next _net(node v, int& net_id)
Returntheidentificationof the next netcontainingnodev in net _i d.

forall _nets_of _node(int net_id, node v, xgraph Q
Iterateover all netsthatcontainnodev, returntheidentificationof thecurrentnetin net _i d.

bool next_net_id_of (int& net_id, node v)
Returntheidentificationof the next netcontainingnodev in net _i d.

i st<int> get_nets(node v)
Returnalist of all identificationsof netscontainingnodev.

i nt nunmber _of nets(node v)
Returnthe numberof netscontainingnodev.

78



void init_net iterator(int net_id)
Initialize theiteratorover all nodesof netwith identificationnet _i d.

bool next _net node(node& v)
Returnthe next nodeof thecurrentnetin v.

foral |l _nodes_of _net(node v, int net_id, xgraph Q
Iterateover all nodesthat are containedn the netwith the identificationnet _i d, returnthe
currentnodein v.

forall term nal s(node v, net *N)
Iterateover all nodeghatarecontainedn thenetN, returnthe currentnodein v.

net *first_net() const
Returnthefirst netof thegraph.

net *next_net() const
Returnthe next netof thegraph.

forall _nets(net *N, xgraph G
Iterateover all netsof the graphreturnthe currentnetin N.

Methods of the net structure

node first()
Returnthefirst nodeof thenet.

node | ast ()
Returnthe lastnodeof the net.

node succ(node v)
Returnthe successonodeof nodev in thenet.

node pred(node v)
Returnthe predecessanodeof nodev in thenet.

i nt nunber _of _term nal s()
Returnthe numberof terminalsof the net.

void init_iterator()
Initialize theiteratorof thenet.

bool next _term nal (node& v)
Assignthenext terminalof the netto nodev, returnt r ue onsuccess.

void set _iterator(node v)
Settheiteratorto nodev.

forall _term nal s(node term net Net)
Iterateover all nodesof thenet, returnthecurrentnodeint er m

79



G.6 Graphics

The following methodsoffer the possibility of coloring and settingthe style parameter®f edges,
nodespaths.andnets.All method=of this sectionarepublic.

Update

int new_col or()
Returnanew, unusedcolor. If all colorshave alreadybeenusedstartagainatthefirst color.

void reset _col ors()
Resethecolor counterto thefirst color.

voi d set _default _col or(int col or)
Setthedefault color of thegraphto col or .

voi d set_node_col or (int c)
Setthecolor of all nodego colorc.

voi d set _uedge_col or (i nt c)

Setthecolor of all undirectededgedo colorc.

voi d set _dedge col or(int c)
Setthe color of all directededgedo colorc.

voi d set _edge _color(int c)
Setthecolor of all edgedo colorc.

voi d set_path_color(int c, path P)

Setthecolor of pathP to colorc.

void set_net_color(int net_id, int color)
Setthe color of all nodesthat are containedin the net with identificationnet _i d to color
col or.

voi d set_col or(node v, int c)

Setthecolorof nodev to colorc.

void set_color(edge e, int c)

Setthecolor of edgee to colorc.

void set _line_ width(int w)
Settheline width of all edgedo w.

void set_node_wi dth(int w)
Setthenodewidth of all nodesto w.

void tie_w ndow (GW ndow *win = nil)
Displaythegraphin window wi n. If wi n=ni | stopdisplayingthegraph.
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voi d di spl ay(node v, bool clear = fal se)
Displaynodev. If cl ear first clearthewindow.

voi d undi spl ay(node v)
Deletenodev from thewindow.

voi d di spl ay(edge e, bool clear = fal se)
Displayedgee. If cl ear first clearthewindow.

voi d undi spl ay(edge e)
Deleteedgee from thewindow.

voi d di spl ay(bool clear = true)
Displaythewholegraph.If cl ear first clearthewindow.
Access

int current_color()
Returntheactive color (i.e. thelascolor givenby nen_color()).

nt get_defaul t_col or()
Returnthedefault color of thegraph.

nt get _node_col or ()
Returnthedefault color of thenodes.

nt get_uedge_col or ()
Returnthedefault color of theundirectededges.

nt get_dedge_col or ()
Returnthedefault color of thedirectededges.

nt get path_col or(path P)
Returnthecolor of pathP.

nt get col or (node v)
Returnthecolor of nodev.

nt get_col or (edge e)
Returnthecolor of edgee.

nt get_net_color(int net_id)
Returnthe color of the netwith identificationnet _i d.

nt get line_wdth()
Returntheline width.

nt get_line_style()
Returntheline style.

nt get_node_wi dt h()
Returnthe nodewidth.
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G.7 QuadEdgestructure

The classxgr aph is derived from the LEDA UGRAPH in several steps(seeAppendixC.3). One
of the interim classesdn this hierarchyis the classquad_gr aph which is an (slightly modfied)
implementatiorof thequadEdeg structureof [GS85. Thisis describecherein moredetail.

In the quadEde structureeachedgeis identifiedwith afour tuple. Thefirst item containghe origin

(Or g) of theedge(whichmustnotbeequalto thesourceof adirectededge)anda pointerto thecoun-
terclockwisenext edgewith the sameorigin (Onext ). Thesecondtem containgheidentificationof

theright face(Ri ght ) of thatedgeanda pointerto the counterclockwisanext edgewith the same
right face(Rnext ). Thethird item containsthe destinationDest ) of the edge(which mustnot be
equalto thetamgetof adirectededge)anda pointerto the counterclockwiseext edgewith the same
destinationDnext ). Thefourthitem containsthe identificationof theleft face(Lef t ) of thatedge
anda pointerto the counterclockwis@ext edgewith the sameleft face(Lnext ). For anillustration

seeFigureG.1. In thisfiguretheedgee. Sy mis edgee with reverseddirection.
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FigureG.1: Visualizationof a smallgraphasa graphwith quadEde structure

Public methods

Access

node Org(edge e)
Returntheorigin of edgee. Be awarethatthe origin mustnot be equalto thesource.

node Dest (edge e)
Returnthedestinatiorof edgee. Be awarethatthe destinatiormustnot be equalto thetarget.

82



int Left(edge e)
Returntheidentificationof theleft faceof edgee accordingo the origin anddestinatiorof e.

i nt Right(edge e)
Returntheidentificationof theright faceof edgee accordingo theorigin anddestinatiorof e.

Protectedmethods
Access

edge Onext (edge e)
Returnthe next edgeafteredgee with the sameorigin. Be awarethatthe origin mustnot be
equalto thesource.

edge Oprev(edge e)
Returnthepreviousedgebeforeedgee with the sameorigin. Be awarethattheorigin mustnot
be equalto thesource.

edge Dnext (edge e)
Returnthenext edgeafteredgee with thesamedestination Be awarethatthe destinatiormust
not be equalto thetaget.

edge Dprev(edge e)
Returnthepreviousedgebeforeedgee with thesamedestination Be awarethatthedestination
mustnotbe equalto thetamget.

edge Lnext (edge e)
Returnthe next edgeof edgee with sameleft face.

edge Lprev(edge e)
Returnthe previous edgeof edgee with sameeft face.

edge Rnext (edge e)
Returnthe next edgeof edgee with sameright face.

edge Rprev(edge e)
Returnthe previous edgeof edgee with sameright face.

G.8 Parameters

As describedin Section6.1.1, PlaNetoffers a high-level environmentfor generatingnewn classes
sothatall parameter®f the given typesare managedlirectly by the graphclass. This meansthat
theseparameterareautomaticallyallocated deallocatedwritten to anoutputfile streamgetc. Here,
all functionson theseparametersire described.This sectioncanbe omittedif the new classesare
generatedisingthefeaturemakecl ass (cf. Section6.1.2).

Thefollowing datatypes(indicatedas TYPE) arevalid: i nt , f| oat , node, edge, | i st <i nt >,
i st<fl oat>,|ist<edge>, andl i st <node>. The correspondingype namesTYPENAME
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areint, fl oat, node, edge, intlist,floatlist, edgelist, andnodelist. Inthe
following, TyPE andTYPENAME alwayshasto bereplaceddy ary of these.

Public methods
Update

voi d assign(void *info)
Attachinformationi nf o of arbitrarytype (castedo void *) to thegraph.

voi d assign(node v, void *info)
Attachinformationi nf o of arbitrarytype (castedo void *) to nodev.

voi d assign(edge e, void *info)
Attachinformationi nf o of arbitrarytype (castedo void *) to edgee.

Access

nodel nfo* _inf(node v) const
Returntheinformationthatis storedatnodev .

edgel nfo* _inf(edge e) const
Returntheinformationthatis storedat edgee.

Protectedmethods
Update

voi d copy_extra(const xgraph& G node_array<node>& NewNode,
edge_array<edge>& NewEdge)
With this methodit is possibleto implementa functionthatcopiesparametersf thegraphthat
arenotmanagedy the baseclass.This functionwill be calledby the copy—constructoof the
baseclass.Call copy_ext r a of thebaseclassalso.

Thefollowing functionsgenerate nev graph/node/edgearameteil hesefunctionsshouldbe called
in theconstructoof thederivedclass.lf save = 1, thentheparametewill besavedwhenf wri t e
is called,andthe parametevalueswill bereadfrom file by acall of f r ead.

i nt new _node_TYPENAME_par (char *nanme, int save = 1)
Createa parameteiof type TyPE (called nane) for eachnodeand returnits index for the
acces®f the paramete(this index is usedin functionslike node_TYPENAME_par ( node
v, int index)).

i nt new _edge_ TYPENAME_par (char *nanme, int save = 1)
Seeabove; createa parametefor eachedgeof thegraph.
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i nt new_graph_TYPENAME_par (char *nanme, int save = 1)
Seeabove; createa parametefor thegraph.

Update & access Thesearemethoddo accesparameterdy referenceBe sureto call thesemeth-
odswith legalindex amgumentqasreturnedoy nev_node TYPENAME_pa(char, int)) for example).
Rangecheckingis not done!

TyPE& node_ TYPENAME_par (node v, int index)
Returnareferenceo thenodeparameteof v having type TYPENAME andindex i ndex.

TyPE& edge TYPENAME_par (edge e, int index)
Returnareferenceo theedgeparameteof e having type TYPENAME andindex i ndex.

TyPe& graph_TYPENAME_par (i nt index)
Returnareferencdo thegraphparametehaving type TYPENAME andindex i ndex.

Access Thesearemethodgo convert parametenamedo indexesof typei nt . They areintended
to beusedin theuserdefinedset .. () andget ... () methodgo changeparameters.

i nt node_TyPENAME_par (char *nane)
Returntheindex of thenodeparameteof type TYPENAME callednane. If nosuchparameter
existsreturn—1.

i nt edge_TYPENAME_par (char *nane)
Returntheindex of theedgeparameteof type TYPENAME callednane. If nosuchparameter
existsreturn—1.

i nt node_TyPENAME_par (char *nane)
Returntheindex of thegraphparameteof type Ty PENAME callednane. If nosuchparameter
existsreturn—1.

G.9 Input/Output

Public methods

void print_node(node v, ostream& O = cout)
Printarepresentationf nodev ontheoutputfile streamO.

void print_edge(edge e, ostream& O = cout)
Printarepresentationf edgee ontheoutputfile streamO.

void print_dedge(edge e, ostream& O = cout)
Printarepresentatioof thedirectededgee ontheoutputfile streamO.

void print_uedge(edge e, ostream& O = cout)
Printarepresentationf undirectededgee ontheoutputfile streamO.
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int fread graph(istrean& in = cin)
Reada graphfrom the input file streami n. The input file musthave the format aswritten
by methodf wr i t e_gr aph. SeeAppendixE for a detaileddescriptionof this format. All
parametersvith save = 1 arereadandset.

int fwite_graph(ostream& out = cout)

Write arepresentationf the graphto theoutputfile streamout . All parametersvith save =
1 arewritten.

Protectedmethods

Thefollowing functionsreadaninstanceof anxgr aph with all parameterthatareadministratedy
this graphfrom the input file stream. The formatof the input file hasto follow the corventionsas
describedn AppendixE. All parametersvith save = 1 areread.

int fread_nodes(d_array<int, node>& node_num istream& in)
Readall nodesirom theinputfile stream n into theLEDA d_arraynode_num
Preconditionnode_nummustbeempty

int fread_edges(d_array<int, node>& node_num
d_array<int, edge>& edge_num istream& in)
Readall edgedrom theinputfile streami n into the LEDA d_arrayedge_numaccordingto
thegivenlist of nodesnode_num
Precondition:

e node_numhasto matchtheright nodesto the nodeidentifiersin i n.
e edge_nummustbeempty

int fread_parans(d_array<int, node>& node_num
d_array<int, edge>& edge_num istream& in)
Readall parameterfrom theinputfile stream n.
Precondition: The LEDA d_arraysnode_numand edge_num have to be filled correctly
(e.g.by theaborve functions).

Thefollowing function canbe usedto implementan own input functionfor extra parametersvhich
arenot handledby the basegraph. Be awarethatf r ead_ext r a of the baseclasshasto be called
first.

int fread_extra(d_array<int, node>& node_num
d_array<int, edge>& edge_num istream& in)
Readextrainformationfrom theinputfile stream n.
Precondition: The LEDA d_arraysnode_numand edge_num have to be filled correctly
(e.g.by theaborve functions).

86



Thefollowing functionswrite a representationf the graphto the outputfile stream.All parameters
with save = 1 arewritten.

int fwite_nodes(node_array<int>& node_num ostream& out)
Write arepresentatioof thenodeso the outputfile streamout .

int fwite_edges(node_array<int>& node_num
edge_array<int >& edge_num ostreanm& out)
Write arepresentatioof the edgedo the outputfile streamout .

int fwite parans(node_array<int>& node_num
edge_array<int >& edge_num ostream& out)
Write arepresentationf the parameterso the outputfile streamout .

Thefollowing function canbe usedto implementan own outputfunctionfor extra parametersvhich
arenot handledby the basegraph. Be awarethatf wr i t e_ext r a of the baseclasshasto called
first.

int fwite_extra(node_array<int>& node_num
edge_array<int >& edge_num ostream& out)
Write extrainformationto the outputfile streamout .

G.10 Friend functions

Thefollowing functionsmaybeusedio implementanoverloadedunctionworking onthebasegraph.
They maybeusedby those(andonly those: - ) ) who know whatthey aredoing.

friend void set_parans(param graph& P)

friend void get parans(param graph& P)
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Appendix H

Graphical interface

By includingthefile gui _uti | s. h, acoupleof routinesfor handlingthe graphicaluserinterface
aremadeavailable. Theseroutinesallow to pop up a messagéox, anothergraphwindow etc. If the
programis startedin a shellwhereit is not allowedto openanotherdisplay the following methods
write their messagestc. ontheactie shell.

int UserGetlnt(char *nessage, char *default _input "",
char *help_string = "")
A smallwindow entitledwith themessageessage popsup to allow the interactie input of
aninteger value. Theinputline is initialized by the valuedef aul t _i nput . The window
containstwo buttons,OK andHelp. Clicking on Help popsup anothemwindow shaving the
text of hel p_stri ng. By clicking on OK the window is closedandthe (modified)integer
valueis returnedn def aul t _i nput .

char *UserGet String(char *nessage, char *default _input =""
char *hel p_string = "")
Samefunctionasabove, now for theinputof a string.

voi d User Message(char *message)
A smallwindow entitled“Message’andcontainingthe messageressage andan OK button
popsup. Clicking the OK button closeshewindow.

voi d UserError(char *message)
Samefunctionasabove, now with thetitle “Error”.

voi d User War ni ng(char *message)
Samefunctionasabove, now with thetitle “Warning”.

i nt User Ask(char *questi on)
A smallwindow popsup presentinghe questionstringquest i on andan OK anda Cancel
button. If the OK buttonis clicked valuel is returned;if the Cancelbuttonis clicked value0
is returned.

voi d Di spl ayGraph(xgraph G char * title)
A graphwindow with title t i t | e displayinggraphG popsup. All modificationsof the graph
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are visualizedautomatically Call G ti e_w ndow() in orderto leave the graphwindow
unchangedcf. SectionG.6).
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